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THE  ANATOMY  OF  THE  MUSCLES,  LIGAMENTS,  AND 
FASCIA  OF  THE  ORBIT,  INCLUDING  AN  ACCOUNT 
OF  THE  CAPSULE  OF  TENON,  THE  CHECK 
LIGAMENTS  OF  THE  RECTI,  AND  OF  THE 
SUSPENSORY  LIGAMENT  OF  THE  EYR  By 
C.  B  LocKWOOD.    (Plate  I.) 

The  surgical  and  physiological  importance  which  belongs  to  the 
anatomy  of  the  orbit  is  so  considerable,  that  anatomists  of 
acknowledged  repute  have  devoted  themselves  to  its  investiga* 
tion.  Hardly  any  fact  of  importance  has  escaped  the  attention 
of  at  least  one  observer ;  and  any  addition  to  the  literature  of 
the  subject  might  seem  needless,  were  it  not  that  the  greatest 
difference  of  opinion  prevails  upon  many  interesting  points. 
The  writer  is  not  so  presumptuous  as  to  think  that  his  decisions 
will  be  accepted  where  eminent  men  have  disagreed,  but  it  may 
be  deemed  of  service  if  the  various  statements  are  collated,  and, 
where  necessary,  amplified  and  explained. 

Posterior  Attachments  of  the  Muscles  of  the  Eye, — At  the  begin- 
ning of  the  present  century  Tenon  wrote  that  the  labours  of 
Zinn,  Sabatier,  and  Portal  left  nothing  to  be  said  concerning 
the  posterior  attachments  of  the  muscles  of  the  eye.^  The  first- 
mentioned  author,  Zinn,^  described  ''  a  ligament  common  to  the 
inferior,  internal,  and  external  recti,"  but  the  accounts  of  this 

'  Memoire  el  C  bservaivms  swr  VAnatomiej  la  Pathologie  et  la  ChirwrgU,  Paris, 
1806,  p.  195. 

*  Bescriptio  AncUomica  Oculi  Uumam.it  Goettmgse,  1780,  p.  148.  Paragraph, 
"  De  ligamento  commani  unde  oriuntnr  inusculi  addacens,  deprimens  et  abdu- 
cexLtis  caput  alteram." 
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Btnicture  given  in  English  text-books,^  are  not  free  from  am- 
biguity and  often  lead  to  misapprehension.    The  source  of  error 
seems  to  be  in  the  word  "  ligament/'  which  Zinn  applied  to  his 
discovery ;  but  he  afterwards  speaks  of  it  as  ''  tendinem  verum 
splendentem/'  clearly  implying  its  tendinous  appearance.    M. 
Sappey  >  always  calls  it  the  tendon  of  Zinn,  and  writes  of  it  as 
follows : — "  A  fibrous  cord  which  is  attached  to  a  very  small  fossa 
situated  beneath  and  external  to  the  optic  foramen.    This  cord 
speedQy  divides  into  three  slips — a  middle,  which  goes  to  the 
inferior  rectus ;  an  inner,  to  the  internal  rectus ;  and  an  external, 
to  the  external  rectus.    Of  these  three  bands  the  middle  is  the 
largest."     It  may  be  added  that  the  fasciculus,  which  belongs 
to  the  external  rectus,  is  prolonged  up  the  posterior  border  of 
the  muscle,  and  ends  by  blending  with  the  origin  of  the  superior 
rectus.    The  accompanying  diagram,  made  from  a  dissection, 
may  serve  to  give  an  idea  of  this  structure  (Plate  L  fig.  1). 
The  preparation  from  which  it  was  taken  was  made  in  the 
following  way : — The  roof  of  the  orbit  was  freely  removed,  so  as 
to  include  the  lesser  wing  of  the  sphenoid  and  the  upper  part 
of  the  optic  foramen.     The  muscles  having  been  exposed  and 
cleaned,  the  levator  palpebrae  was  divided  from  its  posterior 
attachments  and  turned  forwards.    Next,  the  superior  rectus  and 
superior  head  of    the  external    rectus   were    cut  from  tbeir 
''apparent"  origin,  from  the  sheath  of  the   optic  nerve,  and 
turned  outwards.     By  this  means  the  sheath  of  the  optic  nerve 
was  exposed,  divided  in  the  optic  foramen,  and,  together  with 
its  contents,  removed.    A  little  loose  cellular  tissue  having  been 
taken  away,  the  part  delineated  was  laid  bare.    It  will  be  seen 
that  the  figure  does  not  quite  conform  to  M.  Sappey's  descrip- 
tion, but,  as  is  not  infrequently  the  case,  there  is  a  slight  depar- 
ture from  the  normal. 

A  little  reflection  shows  that  the  origins  of  the  ocular  muscles 
have  not  been  studied  from  quite  the  same  point  of  view.  For 
instance,  the  group  which  comprises  the  inferior  rectus,  the  lower 
part  of  the  internal  rectus,  and  the  inferior  head  of  the  external 
rectus,  has  invariably  been  described  with  special  reference  to 

^  Qoaiu's  Anatomy,  9ih  ed.|  1882,  p.   281  ;  also  Gray's  Anatomy,  lOtli  ed., 
1883,  p.  212. 
*  Traits  d^Anatomie  Descriptive,  Paris,  1876,  p.  101  seq. 
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their  iuner  surface,  i.e.,  that  which  is  next  the  optic  nerve ;  whilst 
the  upper  group,  that  which  comprises  the  superior  rectus,  the 
upper  part  of  the  internal  rectus,  and  superior  head  of  the 
external  rectus,  has  always  been  described  with  special  reference 
to  their  external  or  orbital  aspect^ 

Each  anatomist  seems  to  have  omitted  to  inspect  the  ocular  or 
underneath  surface  of  the  upper  group  of  muscles,  although  they 
all  describe  that  part  of  the  lower.  This  omission  was  repaired 
in  the  following  manner : — 

Orbits  were  taken  intact  from  skulls  which  had  been  frozen 
as  Dr  Garson  directs,^  and  horizontal  sections  were  made  through 
about  the  centre  of  the  cornea  and  the  centre  of  the  optic  fora- 
men. The  upper  part  of  the  orbit  and  its  contents  were  then 
dissected  in  the  usual  manner.  The  optic  nerve  and  its  sheath 
together  with  loose  connective  tissue  having  been  removed,  it 
became  evident  that  the  under  surface  of  the  superior  rectus 
possessed  a  tendon  very  similar  to  that  of  the  inferior  rectua 
The  structure  is  fastened  to  the  upper  and  outer  margin  of  the 
optic  foramen.  Anteriorly  it  is  aponeurotic,  and  gives  attach- 
ment to  the  superior  rectus,  the  upper  part  of  the  internal  rectus, 
and  the  saperior  head  of  the  external  rectus.  The  fasciculus, 
which  belongs  to  the  latter  muscle,  passes  down  its  posterior 
border,  and  is  continuous  with  the  slip  which  this  muscle  receives 
from  the  tendon  of  Zinn.  It  will  be  seen  from  the  diagram 
(Plate  T.  fig.  2),  which  I  have  made  from  a  preparation,  that  the 
structure  in  question  bears  a  strong  resemblance  to  the  tendon 
of  Zinn ;  but,  so  far  as  I  can  ascertain,  no  observer  has  men- 
tioned it.' 

*  The  writiiigs  of  Zinn  (p.  148),  Portal  {Cotf^cPAnatomieMidicaley  Paris,  1803, 
tome  IL,  p.  62),  and  Sabatier  {TraiU  Complet  dPAiuitomie,  Paris,  1791,  tome  ii., 
p.  82)  shows  this  to  be  the  case  so  far  as  they  are  concerned.  The  modern  authors 
Henle  (Sdndbueh  der  Eingtoeidelehre  des  Ifenschen,  Braunschweig,  1878,  p.  713), 
Hyrtl  {ITandlmch  der  Topographisehen  AncUomUy  Wein,  1882,  Erster  band,  p. 
223),  Crxiy&lhieT (TraiU d^Anatomie  Descriptive,  Paris,  1874,  tomeii.,  p.  622  8eq,\ 
Sappey  (p.  97  seq.\  Qoain  (p.  281),  and  Gray  (p.  212),  have  with  little  exception 
followed  in  the  footsteps  of  their  predecessors. 

*  Human  Morphologyy  Reeves,  London,  Ist  ed.,  i.  79. 

'Merkel  (Graefe  und  Saemisch,  HandhiLch  der  Gesammten  AugeTiheilhwude, 
Erster  band,  Leipzig,  1874,  p.  52),  who  undertook,  he  says,  an  original  investiga- 
tion of  these  origins,  mentions  tendinous  fibres  other  than  the  ligament  of  Zinn, 
but  it  does  not  seem,  from  his  account,  that  they  are  at  all  identical  with  the 
common  tendon  which  has  just  been  described  and  figured. 
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The  conclusion  arrived  at,  after  studying  the  origins  of  the 
recti  from  every  aspect,  is  that  their  orbital  surfaces  look  fibrous, 
and  seem  intimately  blended  with  the  sheath  of  the  optic  nerve 
and  the  fibrous  tissue  which  surrounds  the  optic  foramen ; 
examined  from  their  inner  ocular  aspect,  they  look  tendinous, 
and  may  be  said  to  arise  by  a  superior  and  inferior  common 
tendon. 

The  Capsule  of  Tenon. — Since  the  way  in  which  the  capsule  of 
Tenon  is  dissected  has  an  important  bearing  upon  the  result, 
those  which  have  usually  been  adopted  will  be  mentioned. 
Tenon  says — 

"  Saw  off  the  skull-cap,  followiDg  a  line  which  passes  immediately 
above  the  roof  of  the  orbit ;  take  away  the  posterior  part  of  the  skull 
as  far  forward  as  the  optic  foramen ;  separate  the  right  from  the  left 
half  of  the  face  by  a  saw-cut  passing  through  the  nose ;  next,  with  a 
very  fine  saw,  such  as  clockmakers  use,  saw  the  roof  of  the  orbit  from 
the  internal  angle  to  the  optic  foramen,  and  from  the  external  angle 
to  the  same  aperture ;  when  this  has  been  done,  raise  the  portion  of 
the  bone,  which  is  triangular,  with  its  apex  at  the  optic  foramen,  turn 
this  fragment  of  bone  over  the  upper  eyelid  without  detaching  the 
latter,  then  detach  each  of  the  muscles  from  around  the  optic  foramen 
and  optic  nerve,  raise  their  posterior  extremities  and  dissect  them  with 
care  from  behind  forwards ;  soon  you  will  recognise  the  capsule  in 
question." 

FerraU^  says — "Divide  the  palpebrae  vertically,  and,  turning  the 
separate  portions  backwards  towards  the  forehead  and  cheek  respec- 
tively, fix  them  in  their  position  by  hooks  ;  the  conjunctiva  is  next 
divided  at  its  angle  of  reflection,  where  it  passes  from  the  internal 
surface  of  the  eyelid  to  the  ball  of  the  eya  .  .  .  ."  After  couimenting 
upon  the  inaccuracies  of  the  previous  descriptions  of  Zinn,  Soemmer- 
ing, and  Lawrence,  he  proceeds — "  Having,  however,  separated  the 
divided  conjunctiva,  we  expose,  not  as  has  been  described  by  anatom- 
ists, a  cushion  of  adipose  tissue  but  a  distinct  tunic  of  a  yellowish- 
white  colour  and  fibrous  consistence,  continuous  in  front  with  the 
posterior  margin  of  the  tarsal  cartilage,  and  extending  backwards  to 
the  bottom  or  apex  of  the  orbit  (?)  where  its  consistence  becomes  less 
strongly  marked.  By  proceeding  in  the  manner  I  have  mentioned, 
the  parts  are  displayed  without  any  elaborate  dissection.  The  sharp 
end  of  the  probe  or  director  will  be  sufficient  to  separate  the  ball  of 
the  eye  from  the  new  organ,  by  probing  gently  the  fine  cellular  tissue 
which  connects  them."  Bonnet^  adopts  almost  exactly  the  same 
method ;  but  it  will  afterwards  be  seen  that  he  did  not  obtain  quite 
the  same  results.  It  may  be  stated  at  once  that  the  dissections  of 
Tenon,  Ferrall,  and  Bonnet  have  been  carried  out  by  the  writer,  and 

^  Duhlin  Journal  of  MecL  Scimoe,  1841,  p.  336. 

'  Seetums  Tendineuses  et  Muaculnires^  Paris  et  Lyons,  1841,  p.  8. 
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BGTVB  to  conOrm,  in  a  great  measure,  what  fhey  have  stated.  In 
addition,  frozen  sections  of  the  orbit  have  been  freely  used.  It  seenus 
qnite  unnecessary  to  dwell  upon  the  advantages  of  this  method.  It 
greatly  facilitates  a  very  difficult  dissection,  and  enables  everything  to 
be  seen  in  its  proper  relation.  The  preparations  were  made  in  the 
manner  describe  by  Dr  Garson.  Entire  heads  were  frozen  and  the 
orbits  removed  from  them  intact  by  appropriate  saw-cuts.  Vertical 
and  horizontal  sections  were  afterwards  made,  the  parts  being  of  course 
still  firmly  frozen.  Any  additional  steps  required  to  display  Qie  various 
structures  will  be  indicated  when  they  are  treated  in  detail 

The  Capsule  of  Tenon  and  Insertions  of  the  Ocvlar  Muscles, — 
The  inBertions  of  the  ocular  muscles  are  so  intimately  related  to 
the  aponeurosis  which  surrounds  the  sclerotic  that  it  will  be  best 
to  consider  these  insertions  and  the  aponeurosis  together.  In 
studying  the  capsule  of  Tenon  it  is  convenient  to  examine  its 
exterior  first  When  the  orbit  is  dissected  in  the  customary 
manner,  the  membrane  may  be  distinguished  by  its  yellowish 
colour  and  closely  matted  appearance.  When  the  levator  palpe- 
brse  has  been  divided,  the  structure  in  question  is  quite  easily 
separated  from  the  orbital  fat.  When  this  has  been  done,  three 
parts  will  be  found  to  demand  attention  : — (1)  A  central  part 
which  surrounds  the  globe;  (2)  the  prolongations  which  this 
sends  along  the  muscles  of  the  eye  ;  and  (3)  its  connections  with 
the  walls  of  the  orbit  ^  (Plate  I.  fig.  3). 

Exterior  of  the  Centrai  Portion  of  the  Capsule  of  Tenon. — 
Assuming  that  the  orbit  has  not  been  treated  with  alcohol  or  any 
hardening  solution,  the  central  part  of  the  capsule  of  Tenon  may 
easily  be  seized  and  dragged  from  the  sclerotic.  From  this  it 
might  be  inferred  that  it  is  merely  a  loose  and  thin  covering ; 
but  as  only  the  upper  and  back  portion  can  be  approached  in 
this  way  such  a  conclusion  is  hardly  warranted.  When  vertical 
and  horizontal  sections  are  viewed,  much  more  comprehensive 
ideas  may  be  formed  (Plate  I.  figs.  3  and  4).  It  is  then  perceived  to 
be  a  fibrous  capsule  *  which  surrounds  the  globe  from  the  ciliary 
margin  of  the  cornea  backwards  to  the  entrance  of  the  optic 
nerve ;  its  anterior  third  is  intimately  related  to  the  back  of  the 
ocular  conjunctiva ;  its  middle  third  sends  prolongations  to  the 
muscles  of  the  eye ;  its  posterior  third  is  in  contact  with  and 

*  VUe  Sappey,  p.  105. 

*  Its  strength  and  appearance  were  accurately  indicated  by  Ferrall  wben  he 
called  it  the  '*  tunica  vaginalis  oculi." 
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loosely  adherent  to  the  orbital  fat^  In  addition,  it  is  attached, 
in  a  manner  which  will  be  indicated,  to  the  inner  and  outer  sides 
of  the  orbit  Its  thickness  is  not  the  same  in  every  part,  for  it 
is  strengthened  by  various  fibrous  bands,  which  require  special 
description,  but  it  is  easy  to  see  that  it  becomes  thinner  pos- 
teriorly, and  is  continuous  with  the  sheath  of  the  optic  nerve, 
both  structures  being  fastened  to  the  sclerotic.  The  capsule  is 
adherent  for  about  the  space  of  a  quarter  of  an  inch  around  the 
margin  of  the  lamina  cribrosa.  The  anterior  attachments  of  the 
capsule  of  Tenon  are  more  complicated,  and  cannot  be  dismissed 
so  briefly.  They  have  been  variously  described,^  because  a  clear 
distinction  has  not  been  drawn  between  the  ocular  portion  of  the 
capsule  and  the  underneath  part  of  the  sheath  of  the  levator 
palpebrae  muscle  (Plate  I.  fig.  4). 

The  anterior  third  of  the  ocular  portion  of  the  capsule  of  Tenon 
blends  intimately  with  the  ocular  conjunctiva,  and  together  with 
it  is  fastened  to  the  ciliary  region  of  the  sclerotic  (Plato  I.  Bgs.  3 
and  4).  The  thin  membrane  which  the  union  of  the  conjunctiva 
and  capsule  forms  may  easily  be  separated  to  within  an  eighth  of 
an  inch  of  the  margin  of  the  cornea,  but  any  furtlier  endeavour 
entails  laceration.  In  order  to  avoid  misconception,  perhaps  a 
further  account  of  the  anterior  attachment  may  be  permitted. 
In  vertical  sections  of  the  orbit  the  ocular  part  of  the  capsule  of 
Tenon  seems  to  blend  with  the  upper  and  lower  fornix  of  the 
conjunctiva.  Very  slight  manipulation  is  required  to  make  it 
divide  at  this  point— half  going,  with  the  conjunctiva,  to  the 
sclerotic;  half,  with  that  membrane,  to  the  tarsal  cartilages. 
That  this  manner  of  dissection,  however,  is  somewhat  artificial,  is 
shown  by  examining  horizontal  sections.  There  is  no  fornix 
conjunctivae  in  these,  and  the  capsule  simply  blends  with  the 
mucous  membrane  to  pass  to  its  insertion  on  the  globe  (Plate  I. 
fig.  3).  Together  with  the  capsule  of  Tenon  the  ocular  conjunc- 
tiva constitutes  a  thin  layer,  separable,  except  near  the  margin  of 
the  cornea,  with  the  greatest  ease  from  the  sclerotic  and  tendons 
of  the  subjacent  muscles ;  but  it  is  practically  impossible  to 
divide  the  ocular  conjunctiva  near  the  cornea  without  opening 
the  interior  of  the  capsule. 

1  Sappey,  p.  106. 

'  Bonnet,  p.  16  ;  also  Lenoir,  *^Des  02>erations  qui  sepratigueni  sur  Us  muscles 
de  Vaiel,  Paris,  1860,  p.  10. 
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The  capsule  of  Tenon  waa  discovered  about  1803,  and  frequent 
reference  will  be  made  to  the  smgolarly  clear  account  contained  in 
Tenon's  Memoire  (p.  193).  It  was  forgotten  for  many  years, 
and  Hyitl  (p.  227)  says  that  Malgaigne  has  the  credit  of  having 
again  brought  it  into  notice.  (For  Malgaigne's  account  see  his  Traite 
(fAnaiomie  Chirurgieale^  i  p.  692.)  This  author  named  it  the 
orbital  aponeurosis  Next^  Bonnet  wrote  an  elaborate  description  of 
it,  and  pointed  out  its  great  surgical  importance  (Sections  Tendin- 
eases  et  MiLsculaive^  Paris  et  Lyons,  1841,  p.  8).  The  labours  of 
this  observer  have  been  held  in  such  esteem  that  the  aponeurosis  is 
not  infrequently  called,  after  his  name,  '*  The  capsule  of  Bonnet."  ^  In 
the  remainder  of  this  paper  the  expression  "  capsule  of  Tenon  "  will 
be  applied  to  the  whole  of  the  capsule.  As  far  as  can  be  ascertained, 
English  anatomists  do  not  appear  to  have  paid  minute  attention  to  this 
subject.  In  1841  a  very  excellent  account  was  published  by  J.  M. 
Ferrall  in  the  Dublin  Journal  of  Medical  Science,  1841,  p.  336.  This 
surgeon  was  evidently  unaware  of  Tenon's  discoveriea  The  name 
'*  tunica  vaginalis  oculi"  which  he  gave  it  seems  very  appropriate. 
Mackenzie  (The  Cure  of  Strabismtts  by  Surgical  Operation,  London, 
1841,  p.  11)  briefly  described  the  capsule,  quoting  the  accounts  of 
previous  writers.  With  the  exception  of  Ferrall  and  Bonnet,  none  of 
the  authorities  who  have  been  mentioned  made  any  notable  addition 
to  Tenon's  original  discoveries. 

The  Muscular  ProlongaiioTis  of  the  Capsule  of  Tenon  and  Chech 
Ligaments  of  the  IrUemal  and  External  Recti. — Six  muscles 
receive  prolongations  or  sheaths  from  the  capsule  of  Tenon — the 
four  recti,  the  superior  and  inferior  oblique.  These  prolonga- 
tions spring  from  the  middle  third  of  the  capsule,  and  pass  back- 
wards along  the  recti  as  far  as  their  middle,  where  they  blend 
insensibly  with  their  perimysium.  The  sheath  for  the  superior 
oblique  surrounds  its  reflected  tendon  as  far  as  the  pulley,  and 
is  there  attached.  The  prolongation  to  the  inferior  oblique 
descends  upon  the  muscle  as  far  as  the  floor  of  orbit,  where  it 
ends.  When  the  inferior  oblique  is  dissected  from  the  front  its 
sheath  is  about  a  quarter  of  an  inch  long,  and  at  its  origin  from 
the  capsule  of  Tenon  is  yellowish  and  opaque,  but  gradually 
becoming  thinner;  at  last  it  ends  in  an  exceedingly  delicate 
transparent  membrane,  which  surrounds  the  rest  of  the  muscle 
as  far  as  its  origin  from  the  superior  maxilla.    This  delicate 

'  Soelberg  Wells  {Diseases  of  the  Eye,  London,  1859,  p.  587),  speaking  of  this  struc- 
ture, says — *'  The  posterior  portion  of  the  sheath,  up  to  the  passage  of  the  tendons, 
has  heen  called  the  capsule  of  Bonnet,  the  anterior  portion,  from  the  i)assagG  of 
the  tendons  to  its  insertion  into  the  sclerotic,  having  been  designated  the  capsule 
of  Tenon." 
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transparent  sheath  is  occasionally  attached  to  the  wall  of  the 
lachrymal  sac.^ 

So  far  the  anatomy  of  the  mascular  sheaths  is  easily  ascer- 
tained and  does  not  admit  of  much  controversy.  But,  concerning 
the  connections  hetween  the  sheaths  and  the  muscles  they 
embrace,  and  between  the  sheaths  and  neighboaring  parts,  great 
divergence  of  opinion  prevails.  I  will,  therefore,  consider  their 
connections  seriatim,  beginning  with  the  external  and  internal 
recti. 

If  the  orbit  is  dissected  in  the  usual  way,  or  if  one  of  the 
horizontal  frozen  sections  be  examined,  it  is  easy  to  ascertain 
that,  where  the  internal  and  external  recti  pass  between  the  eye 
and  the  orbit,  they  are,  in  some  way  or  another,  attached  to 
both. 

The  tendons  of  the  muscles  lie  within  the  capsule  of  Tenon, 
and  may  be  left  for  future  consideration.  The  structures  which 
connect  the  inner  and  outer  recti  to  the  malar  and  lachrymal 
bones  are  usually  called  the  "  internal  and  external  check  b'ga- 
ments."  The  reason  for  this  designation  will  be  found  in  what 
follows.  Of  these  check  ligaments  that  which  belongs  to  the 
external  rectus  is  the  strongest  and  easiest  to  dissect,  and  will  be 
dealt  with  first. 

It  is  a  wedge-shaped  structure  about  half  an  inch  in  length, 
and  as  wide  as  the  muscle  to  which  it  belongs.  The  base  of  the 
wedge  is  fastened  by  a  vertical  attachment  to  the  malar  bone 
and  suspensory  ligament  of  the  eye  (p.  18) ;  the  apex  is  con- 
tinuous with  the  sheath  which  the  external  rectus  receives  from 
the  capsule  of  Tenon  and  with  the  muscle  itself,  the  point  of 
union  being  situated  just  behind  the  place  where  the  muscle 
becomes  tendinous. 

Numerous  muscular  and  tendinous  fibres  pass  from  the  rectus 
externus  into  its  check  ligament,  so  that  the  part  of  the  liga- 
ment in  proximity  to  the  muscle  has  a  distinctly  muscular  and 
tendinous  appearance,  but  near  its  bony  insertion  this  is  lost,  and 
it  looks  yellow  and  matted.  In  dissecting-room  specimens  the 
muscular  prolongations  to  the  ligaments  are  sometimes  hard  to 

^  Merkel  (p.  58)  denies  that  the  sheath  of  the  inferior  oblique  reaches  the  floor 
of  the  orbit  Sappey  (p.  108)  mentions  the  attachment  to  the  bone,  and  also  that 
to  the  lachrymal  sac. 
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see,  bnt  I  have  never  failed  to  find  them  in  frozen  sections.  The 
check  ligaments  of  the  internal  rectus  differs  in  no  important 
particular  from  that  which  has  just  been  described ;  it  is  some- 
what smaller  and  thinner,  and  is  attached  to  the  lachrymal 
ridge  ^  and  suspensory  ligament  of  the  eye. 

In  conjunction  with  Dr  Y.  D.  Harris  I  have  examined  the 
microscopic  structure  of  these  ligaments.  When  portions  of 
them  were  treated  with  acetic  acid  nothing  but  iine  elastic  fibres 
could  be  seen.  Fearing  lest  this  might  not  be  deemed  sufficient, 
they  were  hardened  in  alcohol  and  stained  in  logwood.  It  was 
again  clear  that  fine  elastic  tissue  constituted  by  far  their 
greatest  part,  not  however  the  whole,  for  it  is  to  be  remembered 
that  they  have  been  stated  to  contain  prolongations  of  the 
muscles.  Although  the  preponderance  of  elastic  fibres  in  them 
was  exceedingly  great,  nuclei  were  seen  which  strongly  resembled 
those  of  unstriped  muscle,  but  these  were  too  few  to  permit  any 
confident  assertion  being  made  concerning  them.  The  observa- 
tion that  these  ligaments  are  made  of  elastic  fibres  lends  great 
significance  to  Lenoir's  remark  that  "the  insertions  are  by 
accessory  tendons,  perhaps  even  elastic,"  and  to  an  observation  of 
Tenon's  already  quoted,  in  which  he  says,  "  they  are  singularly 
supple  and  elastic." 

Functions  of  the  Ligaments  which  connect  the  Internal  and 
External  Recti  to  the  Walls  of  tJie  Orbit  antcriorhj. — At  least 
two  functions  have  been  attributed  to  the  elastic  check  liga- 
ments. They  have  been  said  by  Tenon  (p.  197)  to  alter  the 
direction  of  the  muscles,  and  prevent  them,  when  in  action,  from 
pressing  on  the  globe.  They  have  also  been  stated  to  act  as 
check  ligaments  to  limit  the  retraction  of  the  recti,  and  prevent 
them  rotating  the  eye  too  much.^  I  think  that  a  rigorous 
examination  of  the  anatomical  conditions  upon  which  the  first 
theory  rests  will  lead  to  its  rejection.  Doubt  has  been  cast  upon 
it  by  Cruveilhier  (p.  628),  but  he  adduces  no  reasons  for  his 
opinion,  so  that,  although  the  pressure  theory  has  met  with 
general  acceptance,  I  would  urge  the  following  arguments  against 
it: — The  internal  and  external  recti  diverge  from  their  origin 
until  they  reach  the  equator  of  the  eye,  and  then,  applying 
themselves  to  the  sclerotic,  converge  to  gain  their  insertions. 

^  Sappey,  p.  108 ;  also  Henle,  p.  719,  fig.  556.  *  Mcrkci,  p.  59, 
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Each  muBcle,  when  it  contracts,  rotates  the  globe  npon  an  axis 
drawn  perpendicularly  through  its  centre,  but  before  it  can  pro- 
duce this  movement  it  must  overcome,  at  lecist,  the  tonic  resist- 
ance of  its  antagonisti  i.e,,  the  other  rectus.  Obviously  the  force 
which  is  required  to  do  this  must  be  transmitted  through  the 
globe.  In  other  words,  each  rectus  presses  upon  the  equator  of 
the  eye  with  a  pressure  equal  to  the  tonic  resistance  of  its 
antagonist.  If  this  is  true,  it  is  clear  that  the  mechanical 
arrangement  which  actually  exists  is  such  that,  in  the  absence 
of  any  pressure-preventing  apparatus,  the  eye  must  to  a  certain 
extent  be  squeezed  whenever  the  recti  contract.  It  need  not  be 
repeated  that  in  the  elastic  ligaments  a  pressure-preventing 
apparatus  has  been  recognised.  The  examination  of  horizontal 
frozen  sections  will  show  whether  they  conform  to  the  required 
conditions.  Taking  origin  from  the  wall  of  the  orbit  almost 
exactly  opposite  the  equator  of  the  globe,  they  run  backwards 
nearly  half  an  inch,  and  then  become  continuous  with  the 
muscles;  this  union  is  far  behind  the  place  where  the  latter 
begin  to  be  in  contact  with  the  eye — ^indeed  it  is  where  they  are 
still  diverging  to  reach  it ;  so  that  it  renders  the  ligaments  quite 
inefficacious  for  preventing  pressure  upon  any  part  of  the  globe 
(Plate  I  fig.  3). 

If  it  is  right  to  assume  that  the  pressure  of  the  muscles  would 
be  injurious  to  the  eye,  and  that,  in  default  of  any  restraining 
mechanism,  the  equator  would  bear  the  brunt,  we  may  infer  the 
place  at  which  the  required  apparatus  should  be  found.  When 
the  interior  of  the  capsule  of  Tenon  is  described,  it  will  be  seen 
that  such  ligaments  exist. 

The  statement  that  the  elastic  ligaments  are  of  service  to 
check  the  action  of  the  recti  is  founded  upon  much  better  evi- 
dence than  the  theory  which  has  just  been  discussed.  If  the 
muscles  and  ligaments  be  exposed  in  a  fresh  orbit,  traction 
exerted  upon  the  muscles  makes  the  ligaments  tense.  Merkel 
(p.  59)  points  out  that  when  they  have  been  divided  an  excessive 
rotation  of  the  eye  is  permitted.  It  therefore  seems  appropriate 
to  call  them  the  "  internal  and  external  check  ligaments,"  under- 
standing that  they  check  the  contraction  of  the  muscles  but  do 
not  prevent  them  pressing  upon  the  globe. 

It  is  convenient,  before  proceeding  further,  to  mention  that  all 
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the  muscles  of  the  eyo  are  united  by  connective  tissne  and  by 
mnscnlar  and  tendinous  fibres  to  the  sheaths  which  they  receive 
from  the  capsule  of  Tenon.  The  former  attachment  always 
exists,  but  the  latter,  although  it  is  never  absent  when  frozen 
sections  are  ez&mined,  may  appear  very  scanty.  As  regards  the 
object  of  these  insertions  of  the  muscles  into  the  capsule  of 
Tenon,  they  have  been  ingeniously  compared  to  such  muscles  as 
the  sub-crareus,  sub-anconeus,  &c.^ 

Great  difference  of  opinion  prevails  as  to  the  nature  of  the  anterior 
attachments  of  the  recti  to  the  waUs  of  the  orbit.     Tenon  remarks  that 
they  were  known  to  Zimi,  and  says  they  are  in  part  prolongations  of 
the  muscles  themselves ;  he  calls  them  "  faisceaux  tendineux  "  because 
of  their  mixed  appearance.     Bonnet  (p.  23)  and  Lenoir  (p.  10)  agree 
with  Tenon,  but  Malgaigne  (p.  703)  denies  their  tendinous  characters, 
and  speaks  of  them  as  '^  pretendues  tendons  " ;  he  also  remarks  that 
most  French  writers,  including   Tenon,  failed  to  understand  them. 
Sappey  (p.  103),  speaking  more  particularly  of  that  which  is  external, 
says — "  It  is  continuous  at  its  point  of  origin  with  the  fibrous  sheath  of 
the  muscle,  and  never  with  the  latter,  as  Tenon  thought,  and  after  him 
a  great  many  authors."     This  writer  proceeds  to  say  they  are  neither 
tendons  nor  ligaments,  but  unstriped  muscles,  and  names  them  the 
external  and  internal  orbital  muscles.     That  the  check  ligaments  re- 
ceive prolongations  from  the  muscles  into  which  they  are  inserted  has 
been  noted  by  many  authors.     Cruveilhier  (p.  626)  mentions  the  fact, 
bub  does  not  consider  the  presence  of  prolongation  so  constant  as  I 
have  stated  to  be  the  case.     Such  an  opinion  might  be  formed  if  the 
muscles  were  dissected  in  the  usual  way,  but  frozen  sections  show  that 
muscular  prolongations  are  the  rule.     Lenoir  (p.  13)  also  says  that 
''  the  sheaths  of  the  muscles  adhere  to  them  by  a  dense  tissue  in  which 
are  sometimes  found  tendinous  and  muscular  bands."     Henle  makes 
similar  statements,  and  depicts  the  tendinous  prolongations  (fig.  556, 
p.  719,  and  fig.  557,  p.  721).     As  far  as  their  structure  is  concerned, 
nearly  all  authorities,  except  Sappey,  agree  in  calling  them  ligaments, 
implying,  it  may  be  supposed,  that  fibrous  tissue  enters  largely  into 
their  composition.     If  it  could  be  substantiated  that  the  check  liga- 
ments contained  unstriped  muscle,  and  a  sufficient  quantity  of  it  to 
pull  forwards  the  recti,  and  with  them  the  capsule  of  Tenon,  important 
pathological  problems  would  be  solved. 

BdatioTis  of  the  Superior  Rectus  to  the  Capsule  of  Tenon  and 
Levator  Palpehrce, — The  prolongation  which  the  capsule  of 
Tenon  sends  backwards  along  the  superior  rectus  differs  in  no 
important  particular  from  those  already  described,  but,  of  course, 
check  ligaments  like  those  of  the  inner  and  outer  recti  arc 
wanting.     Almost  all  authors  are  agreed  that  the  superior  rectus 

^  Merkel,  p.  58. 
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is  connected  both  to  the  superior  tarsal  cartilage  and  to  the 
levator  palpebrse,  which  is  in  contact  with  its  upper  surface,  but 
they  differ  as  to  the  manner  in  which  it  occurs.  For  instance, 
Lenoir  (p.  10)  says  that  the  superior  rectus  is  actually  united  by 
muscular  and  tendinous  fibres  to  the  superior  tarsal  cartilage  and 
levator  palpebrae,  whilst  Cruveilhier  (pp.  624  and  614)  and 
Bonnet  (p.  26)  affirm  that  the  rectus  is  fastened  to  them  by 
means  of  its  sheath.  This  slight  difference  of  opinion  is  easily 
explicable,  and  seems  to  be  due  to  the  fact  that  these  anatomists 
have  ignored  the  existence  of  a  sheath  which  surrounds  the 
front  part  of  the  levator  palpebral.^ 

In  order  to  show  how  this  omission  could  cause  a  difference  of 
opinion,  I  will  endeavour  to  describe  the  investment  of  the 
levator  palpebrae,  but  it  cannot  be  properly  appreciated  without 
a  preliminary  allusion  to  the  anatomy  of  the  muscle.  The 
levator  palpebraB  is  more  or  less  like  an  isosceles  triangle,  the 
apex  of  which  is  behind  at  its  origin,  and  the  other  angles  in 
front,  where  they  are  attached  to  the  rim  of  the  orbit  just  behind 
the  internal  and  external  tarsal  ligaments,  with  which  they  are 
continuous.  The  sides  of  the  triangle  are  concave;  the  inner 
winds  round  in  contact  with  the  sheath  of  the  tendon  of  the 
superior  oblique,  the  outer  touches  the  capsule  of  the  lachrymal 
gland ;  the  base  of  the  triangle,  which  is  in  front,  is  attached  to 
the  upper  tarsal  cartilage.  Owing  to  its  structure  and  appear- 
ance the  anterior  third  of  the  muscle  is  called  the  palpebral 
aponeurosis.  The  sheath  of  the  levator  palpebrae  invests  the 
belly  of  the  muscle  for  at  least  half  an  inch  before  it,  the  levator, 
becomes  aponeurotic,  and  there  is  no  difficulty  in  demonstrating 
all  its  connections  either  upon  frozen  sections  or  by  dissecting 
the  orbit  from  in  front.  If  the  latter  method  be  adopted,  the 
roof  of  the  cavity  having  been  taken  away,  the  upper  eyelid- 
should  be  removed  layer  by  layer.  Under  the  tarsal  ligament  a 
little  yellow  fat  is  found,  and,  beneath  it,  the  levator  palpebrse 
enclosed  in  a  fairly  thick  investment  of  connective  tissue.  This 
sheath  blends  with  the  perimysium  behind,  and  in  front  is 
strongly  adherent  to  the  palpebrie  aponeurosis ;  its  inner  side  is 
inseparable  from  the  sheath  of  the  reflected  tendon   of  the 

^  Ferrall  (p.  334)  alludes  to  this  sheath  in  a  cursory  manner,  but  does  not 
describe  it 
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superior  oblique,  whilst  its  oater  side  is  fastened  to  the  capsule 
of  the  lachrymal  gland,  which  overlies  it  The  part  of  the  sheath 
which  covers  the  under  surface  of  the  levator  palpebras  is  fairly 
thick,  and  is  best  examined  in  vertical  frozen  sections;  an> 
teriorly,  it  is  firmly  attached  to  the  back  of  the  palpebral 
aponeurosis  close  to  the  tarsal  cartilage  and  palpebral  con- 
junctiva; posteriorly,  it  unites  at  an  acute  angle  with  the 
sheath  which  the  superior  rectus  receives  from  the  capsule  of 
Tenon  (Plate  I.  fig.  4).  Since  both  the  superior  rectus  and 
levator  palpebrse  are  intimately  adherent  to  their  respective 
sheaths,  it  is  clear  that,  where  these  are  continuous,  a  bond  of 
union  must  exist  between  the  two  muscles.  But,  besides  being 
connected  to  the  levator  palpebrae  in  this  manner,  the  superior 
rectus  sends  muscular  and  tendinous  fibres  into  the  acute  angle,  or 
wedge  formed  by  the  union  of  its  sheath  with  that  of  the  levator ; 
some  of  these  fibres  pass  along  the  sheath  of  the  levator  palpe- 
brse, and  through  it  are  connected  to  the  palpebral  aponeurosis 
and  superior  tarsal  cartilage ;  others,  by  running  forwards  along 
the  sheath  of  the  rectus,  reach  the  ocular  portion  of  the  capsule 
oF  Tenon.  It  depends  upon  the  quantity  of  fibres  which  the 
rectus  sends  to  the  sheath  of  the  levator  palpebrse  whether  it 
should  be  considered  to  be  connected  to  the  tarsal  cartilage  by 
muscular  fibres  or  by  sheath.  Except  behind,  where  it  unites 
with  the  sheath  of  the  superior  rectus,  the  underneath  part  of 
the  sheath  of  the  levator  palpebrse  is  in  contact  with,  but  not 
united  to,  the  ocular  portion  of  the  capsule  of  Tenon. 

The  manner  in  which  the  superior  rectus  is  united  to  the 
levator  palpebrse  and  upper  lid  having  been  discussed,  the 
palpebral  aponeurosis  affords  material  for  consideration.  The 
anatomy  of  this  structure  has  been  sketched  already.  Its  outer 
and  inner  orbital  attachments,  which  have  been  named  the 
internal  and  external  orbital  fascise,^  are  fastened  to  the  rim  of 
the  orbit  on  a  level  with  the  tarsal  ligaments  (tendo  oculi 
internum  et  externum),  whilst  its  lower  margin  ends  upon  the 
cartilage  of  the  lid«  Just  before  its  termination  the  aponeurosis 
is  strengthened  by  a  transverse  band  of  fibres  stretched  from 
side  to  side  across  the  front  aperture  of  the  orbit;  and  the 
extremities  of  this  band  constitute  the  internal  and  external 

^  Craveilhier,  p.  622. 
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orbital  fasciaB,  and  when  the  levator  palpebrse  is  pulled  upon, 
the  use  of  these  fibres  is  evident  Owing  to  their  attachments 
and  direction  they  limit  the  retraction  of  the  muscle,  or,  in 
other  words,  act  as  a  check  ligament.^  They  aid,  moreover,  in 
bringing  about  another  result,  for,  as  Cruveilhier  points  out,^ 
"  the  movements  of  the  lid,  singularly  limited  at  the  sides  by  the 
orbital  insertions  of  this  muscle  (levator  palpebrse),  is  a  move- 
ment of  rotation  which  it  performs  round  the  transverse  axis  of 
the  eye,  like  the  visor  of  a  helmet." 

The  importance  of  the  connection  between  the  superior  rectus 
and  levator  palpebrae  is  now  apparent  Owing  to  their  mutual 
adhesion,  one  check  ligament  (the  palpebral  aponeurosis)  serves 
for  both,  and  besides,  the  rectus  is  enabled  to  lift  the  upper 
eyelid.  The  transverse  band  which  strengthens  the  palpebral 
aponeurosis,  when  examined  microscopically,  appears  throughout 
to  consist  of  white  fibrous  tissue.^ 

The  palpebral  aponeurosis  has  another  peculiarity  which  has 
hardly  been  recognised.  As  far  as  can  be  judged  from  a  limited 
number  of  dissections,  it  consists  of  two  layers.  These  are  easily 
perceived  in  vertical  sections,  or  when  the  dissection  is  made  from 
the  front  In  the  latter  case,  it  is  best  to  open  the  sheath  of  the 
muscle  at  the  inner  edge,  where  the  layers  may  be  easily  separ- 
ated. The  anterior  layer  is  inserted  into  the  middle  of  the  front' 
surface  of  the  tarsal  cartilage,  the  posterior  layer  is  continuous 
with  the  upper  edge  of  the  cartilage.  A  little  loose  coonective 
tissue  is  found  between  the  two  layers  of  the  levator  palpebrse, 
except  at  the  outer  side,  where  the  fore  part  of  the  lachrymal 
gland  (glandula  lachrymalis  inferior)  intervenes  between  them.^ 
It  might  not  be  unreasonable  to  speculate  whether  this  relation 
has  anything  to  do  with  the  secretion  of  tears.  But  although 
the  levator  palpebrse  seems  quite  adapted  to  squeeze  the  lower 
part  of  the  lachrymal  gland,  yet  it  is  unlikely  that  the  muscle 
could  alter  the  position  of  the  gland  itself.  There  is  a  ligamentous 
union  between  the  external  surface  of  the  lachrymal  gland  and 

1  Tenon,  p.  199.  *  Cruveilhier,  p.  622. 

'  Great  difference  of  opinion  exists  upon  this  point  The  matter  has  had  full 
discussion  at  the  hands  of  Sappey  (p.  98)  and  Cruveilhier  (p.  622).  The  former 
asserts  that  it  consists  of  unstriped  muscle,  and  names  it  the  ''  orbito-palpebral 
muscle,''  whilst  the  latter  is  of  opinion  that  it  is  fibrous. 

*  This  interesting  fact  has  been  depicted  by  Sappey,  p.  98,  fig.  251. 
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the  outer  wall  of  the  orbit,  which  would  effectually  prevent  any 
movement  It  seems  appropriate  to  call  these  bands  the  "  liga- 
ment of  the  lachrymal  band." 

Like  all  other  muscles  of  the  orbit,  the  levator  palpebras  sends 
muscular  and  tendinous  fasciculi  to  its  slieath,  which  has  been 
shown  already  to  blend  with  those  of  the  superior  rectus,  supe- 
rior oblique,  and  with  the  capsule  of  the  lachrymal  gland.  This 
circumstance  explains  many  so-called  abnormalities.^ 

It  is  hardly  within  the  scope  of  this  paper  to  discuss  the 
anatomy  of  the  unstriped  muscles,  superior  and  inferior  palpe- 
bral, which  are  said  to  enter  into  the  formation  of  the  eyelids.^ 
They  have  hardly  any  bearing  upon  the  questions  which  have 
been  raised. 

JRdations  of  the  Inferior  Rectvs  to  the  Capsule  of  Tenon,  Inferior 
Oblique,  and  Lower  Eyelid, — In  general  characters  the  sheath  of 
the  inferior  rectus  is  the  same  as  the  others.  Vertical  frozen 
sections  clearly  display  its  arrangement  (Plate  I.  Gg.  4).  Its 
upper  part  has  no  peculiarity,  but  merely  unites  anteriorly,  at 
an  acute  angle,  with  that  part  of  the  capsule  of  Tenon  which 
embraces  the  posterior  hemisphere  of  the  eye.  The  under  part 
of  its  sheath  may  be  said  to  consist  of  two  superimposed  layers — 
a  superior  and  inferior  (Plate  I.  fig.  4).  If  these  are  followed 
backwards,  they  will  be  found  to  unite  at  a  very  acute  angle,  into 
which  the  muscle  sends  numerous  fasciculi.  If  the  two  layers 
of  the  underneath  part  of  the  sheath  of  the  rectus  be  traced 
forwards,  they  separate ;  the  superior  layer  keeps  in  contact  with 
the  under  surface  of  the  muscle,  and  is  continuous  with  that  part 
of  the  capsule  of  Tenon  which  supports  the  anterior  hemisphere 

^  Professor  Macalister,  in  his  monograph  ''On  Muscular  Anomalies  in  Human 
Anatomy  "  {Tranaactiona  of  ikt  Royal  Irish  Academy ^  xz7.,  1876,  p.  7  «e^.)  says  — 
"  The  levator  palpebrae  superioris  I  have  seen  joined  to  the  superior  rectus  as 
described  by  Albinus.  ...  A  muscle  has  been  more  recently  described  as  the 
tensor  trochlese  by  Professor  Budge  (Henle  u.  Pfeufer's  ZeUachrift,  Beihe  8,  Bd. 
viL  p.  273)  which  is  a  lateral  offshoot  from  the  levator  palpebral  superioris 

inserted  by  several  slips  into  the  trochlea  for  the  superior  oblique  tendon 

I  have  seen  it  attached  to  the  upper  margin  of  the  tarsal  cartilage.  Into  the 
tarsal  cartilage  and  into  the  conjunctiva  of  the  superior  palpebral  sinus  ;  into  the 
latter  alone  ;  into  the  ciliary  fibres  of  the  orbicularis  palpebranim,  or  into  all 
three."  It  might  be  anticipated  that,  as  the  sheath  of  the  levator  palpebrse  is 
adherent  to  that  of  the  lachrymal  gland  fibres  of  the  muscle  might  have  been 
described  going  to  the  latter,  but  so  far  I  have  found  no  record  of  any. 

*  Omveilhier,  p.  614. 
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of  the  eye ;  the  inferior  layer  is  inserted  into  the  posterior  border 
of  the  Bheath  of  the  inferior  oblique  (vide  fig.  4).  So  far  this 
account  is  almost  in  accordance  with  what  has  been  stated 
by  others  (Merkel,  p.  58).  The  part  which  goes  to  the  inferior 
oblique  is  sometimes  considered  a  direct  continuation  of  the 
muscle  (Cruveilhier,  p.  624),  but  I  have  described  it  in  accord- 
ance with  its  anatomical  appearance,  and  without  regard  to  its 
supposed  functions.  These  will  be  discussed  presently.  Further, 
by  means  of  the  lower  part  of  its  sheath,  the  inferior  rectus  forms 
connections  with  a  structure,  which  probably  has  a  very  import- 
ant influence  upon  its  action,  and  which  will  now  be  described 
as  follows : — 

Tfie  SiLspensory  Ligament  of  the  Eye, — Before  endeavouring  to 
describe  the  suspensory  ligament  systematically,  its  rough 
anatomy  may  be  sketched,  and,  in  doing  so,  it  is  hoped  that  its 
claim  to  be  considered  a  distinct  ligament  may  be  substantiated. 

It  may,  therefore,  be  stated  that  the  suspensory  ligament  is  a 
band  of  fibrous  tissue,  stretched,  like  a  sling,  from  one  side  of  the 
orbit  to  the  other.  The  fibres  which  compose  it  converge  at 
each  end  to  be  inserted  into  the  malar  and  the  lachrymal  bones ; 
in  the  middle  they  diverge  to  form  a  shallow  cup  upon  which 
the  eye  rests.  The  widest  part  of  the  suspensory  ligament  is 
intimately  woven  with  the  capsule  of  Tenon,  but  not  to  such  an 
extent  as  to  conceal  the  identity  of  its  fibres.  In  order  to  ascer- 
tain this,  the  lower  eyelid  should  be  removed  layer  by  layer, 
until  nothing  is  left  but  the  tarsal  caililage  and  conjunctiva. 
After  a  little  fat  has  been  taken  away  from  the  neighbourhood 
of  the  inferior  oblique  muscle,  many  of  the  fibres  of  the  ligament 
are  easily  seen  crossing  in  front  of  the  muscle.  A  more  correct 
opinion  of  the  relations  of  this  ligament  to  adjoining  parts,  and 
especially  to  the  globe,  may  be  derived  from  a  vertical  section 
made  through  the  long  axis  of  the  eye.  In  this  the  lower  part 
of  the  capsule  of  Tenon  will  be  found  notably  thickened,  and 
(Plate  I.  fig.  4)  the  extent  of  this  thickening  may  be  indicated 
by  saying  that  the  lower  quarter  of  the  circumference  of  the 
globe  rests  upon  it.  The  thickened  portion  of  the  capsule  of 
Tenon  is  divided  by  an  aperture  through  which  the  inferior 
rectus  passes.  The  posterior  part,  and  this  is  a  very  significant 
point,  is  thickest  just  behind  this  opening,  but  it  gradually 
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becomes  thinneT  as  it  passes  round  the  eye ;  whilst  the  anterior 
part  looks  crescentic,  and  sends  a  long  thin  horn  backwards 
beneath  the  inferior  rectus,  forming  the  upper  layer  of  the  under 
part  of  its  sheath,  and  another  forwards  to  become  continuous 
with  the  ocular  conjanctiva  and  inferior  tarsal  cartilage  (Plate 
I.  fig.  4).  It  is  united  to  the  latter  by  a  short  thick  process 
which  it  gives  oif  in  front.  In  the  hollow  of  the  crescent  lies 
the  sclerotic ;  in  contact  with  its  lower  surface  is  the  sheath  of 
the  inferior  obUqae.  At  its  largest  part,  which  is  in  close  prox- 
imity to  the  conjunctiva,  the  crescent  is  at  least  a  tenth  of  an 
inch  thick,  more  than  twice  the  bulk  of  the  rest  of  the  capsule 
of  Tenon.  This  thickening  is  due  to  the  presence  of  the  suspen- 
sory ligament,  and  it  is  clear  that  the  data  afforded  by  this 
examination  corroborate  the  preliminary  sketch. 

It  may  interest  those  who  perform  operations  upon  the  dead 
body  to  know  a  simple  way  of  demonstrating  this  ligament 
Supposing  that  the  upper  jaw  has  been  removed  in  the  ordinary 
way,  it  is  only  requisite  to  take  away  a  little  fat  to  expose  its 
under  surface.  If  the  capsule  of  Tenon  be  opened  next,  by 
dividing  the  ocnlar  conjunctiva,  a  finger  may  be  thrust  into  its 
interior  and  pressed  downwards  to  make  the  suspensory  ligament 
tensa  The  band  of  it  which  crosses  in  front  of  the  inferior 
oblique  is  especially  resistant.  But  by  far  the  clearest  idea  of  the 
suspensory  ligament  may  be  obtained  frOm  horizontal  sections, 
although  perhaps  this  method  is  slightly  artificial.  These  should 
be  made  on  a  level  with  the  canthi  (Plate  I.  fig.  5).  The  inser- 
tions of  the  ligament  into  the  malar  and  lachrymal  bones  are  very 
distinct;  each  is  about  the  eighth  of  an  inch  thick,  and  is 
attached  vertically  for  at  least  half  an  inch.  They  are  opposite 
the  equator  of  the  eye,  and  are  about  on  a  level  with  its  lower 
half.  The  lowest  parts  of  these  bony  insertions  approach  the 
floor  of  the  orbit  The  inner  one  is  fastened  to  the  periosteum 
which  covers  the  lachrymal  crest ;  in  front  its  fibres  pass  over 
the  lachrymal  sac ;  behind  it  is  continuous  with  the  periosteum 
of  the  orbit  and  the  lowest  part  of  the  check  ligeonent  of  the 
internal  rectus.  As  the  ligament  approaches  the  eye,  it  spreads 
out,  and  is  continuous  with  the  capsule  of  Tenon.  The  outer 
insertion  of  the  suspensory  ligament  adheres  to  the  periosteum 
of  the  malar  bone  just  behind  the  external  edge  of  the  orbit,  and 

VOL.  XX.  B 


J 


18  MR  0.  B.  LOCKWOOD. 

at  this  point  its  posterior  surface  receives  fibres  from  the  check 
ligament  of  the  external  rectus.  It  is  important  to  note  that 
its  under  surface  is  fastened  to  the  floor  of  the  orbit  by  numerous 
irregular  fibrous  fasciculi;  and  it  is  further  attached  to  the 
orbit  through  its  connections  with  the  sheath  of  the  inferior 
oblique. 

Uses  of  the  Stispensory  Ligament — ^The  most  important  duty 
of  the  suspensory  ligament,  to  support  the  eye,  is  obvious.  When 
the  eye  has  been  removed  from  its  upper  surface,  either  by  an 
ordinary  excision  or  by  taking  away  the  lower  half  of  the  globe 
from  a  horizontal  frozen  section,  considerable  pressure  may  be 
made  upon  the  upper  surface  of  the  ligament  without  doing 
more  than  stretch  it.  It  is  a  matter  of  common  observation  that 
immediately  after  excision  of  the  superior  maxilla,  the  eye 
maintains  its  position.  The  presence  of  the  suspensory  ligament 
offers  a  ready  explanation  of  this  circumstance.  The  expression 
"  immediately  "  is  used,  because  at  later  periodef  the  globe  may 
be  drawn  out  of  place  by  cicatrisation.  Another  qualification 
is  also  needed,  for  I  am  informed  that  when  the  inner  and  outer 
walls  of  the  orbit  are  very  freely  taken  away  during  the  perform- 
ance of  the  operation,  the  eye  may  drop  so  much  as  to  entail 
its  removal  Under  these  circumstances,  the  orbital  insertions 
of  the  suspensory  ligaments  have  been  destroyed.  And  it  is 
to  be  remembered  that  this  accident  is  likely  to  occur  whenever 
incisions  are  carried  above  the  level  of  the  canthi. 

In  addition  to  the  function  which  has  just  been  mentioned, 
the  suspensory  ligament  seems  to  perform  another,  which  depends 
upon  its  connection  with  the  inferior  rectus  and  inferior  tarsal 
cartilage.  I  have  already  shown  that  this  muscle  is  united  by 
one  prolongation  to  the  sheath  of  the  inferior  oblique,  and  by 
another  to  the  front  edge  of  its  aperture  in  the  suspensory  liga- 
ment, and  I  must  now  add  that  these  connections  contain  so 
many  muscular  fibres  that  practically  they  are  offshoots  from 
the  muscle.  Authors  have  laid  great  stress  upon  the  connection 
between  the  inferior  rectus  and  the  inferior  oblique.  Although 
the  fact  has  not  been  alluded  to  before,  the  front  edge  of  the 
inferior  oblique  is  united  by  a  long  and  slender  fibrous  band  to 
the  lower  tarsal  cartilage  and  its  ligament  (fig.  4).  By  this 
arrangement  the  inferior  rectus  is  supposed  to  be  enabled  to 
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depress  the  lower  eyelid  aod  cornea  at  the  same  time  (Cruveilhier, 
p.  625 ;  Henle,  p.  720).  There  is  no  question  that^  when  the 
rectos  is  palled  upon,  the  inferior  oblique  is  drawn  further  into 
the  orbit,  but  it  is  doubtful  whether  its  connection  with  the 
eyelid  is  as  efficacious  as  is  thought  The  fascia  which  forms 
the  bond  of  union  is  so  long  and  slender  that  it  is  not  even 
made  tense  when  the  rectus  is  pulled.  The  lid  is  removed  in 
quite  a  different  way.  When  the  muscle  is  in  action,,  it  swings 
the  suspensory  ligament  backwards,  and  owing  to  the  intimate 
union  of  the  latter  with  the  inferior  tarsal  cartilage,  the  lid  also 
moves  (Plate  I.  fig.  4).  This  only  partially  indicates  the  im- 
portance of  the  prolongation  which  unites  the  depressor  muscle 
to  the  suspensory  ligament  Arguments  can  hardly  be  required 
to  show  that  there  must  be  a  limit  to  this  swinging'  movement 
of  the  suspensory  ligament,  and  its  range  seems  to  be  so  limited 
that  it  is  able  to  control  the  contraction  of  the  muscle,  and  so 
act  as  a  check  ligament  It  may  be  mentioned  that  this  function 
has  been  assigned  to  the  lower  tarsal  ligament  (Sappey,  p.  108), 
and  to  the  sheath  of  the  inferior  oblique  (Cruveilhier,  p.  224). 
The  chief  objection  to  these  theories  seems  to  be  that  the  struc- 
tures in  question  are  insufficient  for  the  performance  of  such  an 
office ;  for  it  has  just  been  stated  that  the  other  connection  of 
the  inferior  rectus  with  the  lower  tarsal  ligament  is  exceedingly 
meagre,  and  also  that  the  sheath  of  the  inferior  oblique  is  so 
delicate  that  observers  have  actually  doubted  whether  it  reaches 
the  floor  of  the  orbit 

As  far  as  I  have  ascertained  the  presence  of  the  suspensory  ligament 
has  been  strangely  overlooked,  althoagh  authors  have  attributed  some 
gome  sort  of  suspensory  action  to  the  capsule  of  Tenon.  Cruveilhier 
(p.  631)  calls  it  '*aponevrose  orbito-oculaire,  ou  aponevrose  d'isole- 
ment  et  de  sustentation  d'ceil,"  but  it  is  not  clear  from  subsequent 
details  that  this  author  recognised  the  suspensory  ligament  or  its 
orbital  attachments.  Lenoir  says  (p.  13)  'Hhe  aponeurosis  of  the 
muscles  of  the  eye  form  a  ligamentous  apparatus  which  maintains  the 
eye  in  position."     This  statement  speaks  for  itself. 

Tenon,  in  his  admirable  monograph,  clearly  indicates  the  presence 
of  a  suspensory  apparatus.  He  says  (p.  201),  speaking  of  the 
capsule — '' Arriving  at  the  insertion  of  the  adductor  and  abductor 
muscles  to  the  globe  of  the  eye,  that  is  to  say,  near  the  conjunctiva, 
and  before  applying  itself  to  that  membrane,  it  procures  from  ecch 
side  a  kind  of  ligamentous  wing  (aile  ligamenteuse)  which  attaches  the 
globe  of  the  eye  to  the  orbit  at  the  greater  or  lesser  angles.     These  liga^ 
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mentous  wings  are  fonned  by  the  apposition  of  portions  of  tlie  tunic 
which  pass  one  above  the  other  bdow  the  globe  of  the  eye."  It 
seems  as  if  this  account  applies  to  the  relations  of  parts  as  seen  in 
transverse  sections  (Plate  L  fig.  3),  and  Tenon's  subsequent  statements 
entirely  bear  out  this  view,  for  he  proceeds  to  say  that  the  ligamentous 
wings  send  prolongations  forward  to  the  conjunctiva  and  backwards 
to  the  recti  (p.  202).  In  these  pages  the  former  were  simply  con- 
sidered to  be  part  of  the  capsule,  and  the  latter  the  check  ligaments. 
Although  the  writings  of  this  author  have  been  carefully  perused,  the 
fibres  which  pass  beneath  the  globe,  and  which  actually  form  the  sus- 
pensory ligament,  seem  to  have  escaped  his  vigilance.  The  greater 
part  of  his  ''  ^les  ligamenteuse "  seems  to  consist  of  its  upper  fibres 
seen  in  transverse  section. 

The  Structvre  and  Interior  of  the  Capsule  of  Tenon, — The  cap- 
sule of  Tenon,  in  reality,  consists  of  two  very  distinct  layers ;  an 
external,  which  is  tough,  matted,  and  resisting,  and  an  internal, 
which  is  soft,  loose,  and  yielding.  The  former  layer  only  has 
been  mentioned  so  far,  and  the  expressions ''  tunica  vaginalis 
oculi "  (Ferrall)  and  "  tunica  albuginea  "  (Malgaigne)  which  have 
been  applied,  accurately  indicate  its  characters.  Microscopi- 
cally it  consists  of  white  fibrous  and  elastic  tissue.  The  inner 
is  made  of  loose  areolar  tissue,  and  completely  lines  the  interior 
of  the  tunica  vaginalis,  surrounding  the  sclerotic  and  the  intra- 
capsular portions  of  the  muscles.  Bonnet  calls  it  the  "  subcon- 
junctival fascia,"  and  says  its  presence  was  pointed  out  by 
Gu^rin  and  Malgaigne ;  and  although  this  name  has  continued 
in  use  among  surgeons,^  it  is  hardly  free  from  ambiguity.  In 
the  first  place,  although  a  small  portion  of  this  loose  connective 
tissue  is  beneath  the  ocular  conjunctiva,  yet  the  thin  anterior 
part  of  the  capsule  of  Tenon  intervenes  between  them.  And, 
moreover,  the  expression  scarcely  conveys  an  adequate  idea  of 
the  extent  or  appearance  of  the  tunic,  which  invests  not  only 
the  front  but  also  the  back  of  the  sclerotic.  Its  close  resem- 
blance to  the  outer  covering  of  blood-vessels,  with  which  every- 
one is  familiar,  suggests  that  in  the  remainder  of  this  paper  it 
should  be  called  the  tunica  adventitia  oculi.^ 

Vertical  and  horizontal  frozen  sections  aflford  the  best  means 
of  examining  the  interior  of  the  capsule  of  Tenon.     In  these  it 

1  Wecker,  Maladies  des  Veux,  i.  p.  696,  Paris,  1868,  &c. 

2  The  tunica  adventitia  is  probably  the  structure  involved  in  capsulitis, 
(Wecker,  p.  697) ;  also  Power,  Illustrations  of  Disease  of  the  Eye,  London,  1867, 
p.  15. 
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is  quite  easy,  with  a  blant  instrument,  to  separate  the  sclerotic 

from  the  interior  of  the  capsule,  and  it  will  be  found  that  the 

tunica  adventitia  adheres  to  the  latter  bat  provides  a  covering 

for  each  tendon.     These  investments  are  continuous  with  one 

another,  and  unite  the  contiguous  edges  of  the  tendons,  but  the 

strength  of  this  union  is  increased  by  fasciculi,  which   the 

muscles  themselves  send  to  the  tunici    The  connection  which 

is  formed  in   this  manner  between  the  superior  rectus  and 

superior  oblique  is  so  definite  that  the  muscles  may  be  said  to  form 

"  a  loop  capable  of  gliding  in  the  trochlea."^    Although  adherent 

to  the  sclerotic  by  a  definite  semi-lunar  insertion,  the  recti 

usually  send  fibres  to  the  globe  as  soon  as  they  touch  it ;  in 

order,  therefore,  to  hook  up  the  tendons,  as  in  a  squiut  operation, 

the  instrument  requires  to  be  carried  well  back. 

The  tunica  adventitia  must  be  taken  away  to  expose  the 
apertures  by  which  the  muscles  pierce  the  capsule  of  Tenon 
(tunica  vaginalis),  and  when  this  is  done  six  openings  are 
brought  into  view,  transmitting,  of  course,  the  four  recti  and  two 
oblique  muscles.  Each  muscle  is  slightly  attached  to  the  maqjin 
of  its  aperture  by  the  tunica  adventitia,  and  when  this  has  been 
removed,  a  band  of  fibres  is  seen  crossing  the  posterior  edge  of 
the  opening  (i,e.,  the  edge  between  the  muscle  and  the  eye). 
These  ligamentous  bands  are  portrayed  in  the  diagrams  as  slight 
thickenings  of  the  capsule  (Plate  I.  figs.  3  and  4). 

Since  no  name  has  been  given  to  these  ligaments,  in  the 
ensuing  pages  they  will  be  called  the  ''  intracapsular  ligaments." 
Presumably  they  constitute  the  pulleys  which  FerraU  (p.  338) 
supposed  protected  the  globe  from  pressure,  but  it  is  clear  that 
many  questions  demand  an  answer  before  this  assumption  can 
be  allowed  to  pass  unquestioned.  It  must  be  proved  that  they 
have  sufficient  strength  and  immobility  to  resist  the  action  of 
the  muscles.  And  when  this  problem  has  been  solved  in  a 
satisfactory  manner,  it  remains  to  be  seen  whether  their  situa- 
tion is  appropriate. 

The  IntracapstUar  Ligaments, — In  order  to  expose  the  intra- 

'  Wecker,  iL  994. 

*  Crayeilhier,  p.  624.  This  loop  is  delineated  by  Lenoir  (plate  L  fig.  8),  and 
Cmyeilliier  (pp.  629  and  680)  considers  that  it  makes  a  sort  of  cheek  ligament  for 
the  saperior  oblique.  Merkel,  however,  attributes  this  duty  to  a  fascial  prolonga- 
tion which  extends  from  the  trochlea  to  the  muscle. 
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capsular  ligaments,  all  the  back  of  the  sclerotic  as  far  as  the 
insertions  of  the  recti  should  be  cut  away  or  dragged  forwards. 
Next,  the  tunica  adventitia  should  be -dissected  from  the  interior 
of  the  capsule  and  from  the  surface  of  the  tendons.  When  this 
has  been  accomplished,  the  arrangement  of  the  fibres  is  distinct 
and  perfectly  easy  to  trace.  The  openings  of  the  inner  and 
outer  recti  look  like  vertical  slits  in  the  interior  of  the  capsule, 
and  are  situated  exactly  opposite  the  equator  of  the  eye,  and  a 
vertical  band  of  fibres  strengthens  the  inner  (ocular)  edge  of 
each  (Plate  I.  figs  3  and  4).  If  now  a  small  hook  be  passed 
beneath  the  ligaments,  i,e,y  between  them  and  the  ocular  surface 
of  the  tendons,  the  ligaments  will  be  found  to  resist  attempts 
bo  pull  them  away  from  the  inner  and  outer  walls  of  the  orbit. 
This  may  be  attributed  to  the  fact  that  their  ends  are  continuous 
with  the  insertions  of  the  suspensory  ligament  which  fastens 
them  to  the  wall  of  the  orbit  Although  easily  stretched,  they 
seem  to  have  quite  enough  strength  to  resist  the  action  of  the 
muscles.  If  the  hook  be  pushed  well  beneath  them,  quite  a  strong 
tug  is  needed,  in  a  spirit  specimen,  to  cause  displacement,  and  if 
the  globe  is  drawn  away  from  the  capsule  of  Tenon  the  recti  are 
bent  at  the  place  where  they  pass  over  the  ligaments.  In  the 
recent  state  they  are  much  more  supple  and  elastic.  Thus  the 
intracapsular  ligaments  are,  practically,  fibrous  loops  which  hold 
the  tendons  of  the  recti  to  the  walls  of  the  orbit,  and,  being 
situated  just  at  the  equator  of  the  eye,  seem  admirably  fitted  to 
protect  it  from  pressure.  In  short,  these  ligaments  have  suffi- 
cient immobility  and  strength  and  a  position  which  enables 
them  to  act  as  pulleys  and  protect  the  eye  from  pressure.  *  With 
regard  to  the  intracapsular  ligaments  of  the  superior  and  inferior 
rectus,  it  has  been  pointed  out  already  that  the  depressor  muscle 
pierces  the  suspensory  ligament  When,  in  order  to  demonstrate 
the  aperture,  the  tunica  adventitia  is  removed  from  the  interior 
of  the  capsule  of  Tenon,  the  transverse  fibres  of  which  the  liga- 
ment consists  are  brought  into  view.  They  cross  before  and 
behind  the  opening,  and  those  which  are  posterior  and  above  the 
tendon  seem  to  form  an  intracapsular  ligament.  They  resist 
endeavours  made  with  a  hook  to  pull  them  upwards  from  the 
floor  of  the  orbit,  and  they  are  situated  opposite  the  equator  of 
the  eya    In  these  respects  they  are  qualified  to  act  as  pulleys. 
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It  is  probable  that  the  suspensory  ligament  is  held  down  by  its 
insertions,  for,  as  before  stated,  they  descend  towards  the  floor 
of  the  orbit,  and  perhaps  the  inferior  oblique  and  its  sheath,  and 
the  fibrous  bands  mentioned  before  (p.  18),  may  render  assistance. 
The  slight  swinging  movement  which  can  be  imparted  to  the 
suspensory  liganient  does  not  seem  sufficient  to  incapacitate  its 
posterior  fibres  for  the  performance  of  this  fresh  duty. 

The  intracapsular  ligament  which  forms  a  pulley  for  the 
superior  rectos  is  of  considerable  length.  Its  inner  extremity 
is  fastened  to  the  trochlea.  It  reaches  this  point  by  uniting 
with  the  sheath  which  surrounds  the  reflected  tendon  of  the 
superior  obliqaa^  The  outer  end  seems  to  be  attached  to  the 
external  wall  of  the  orbit  just  above  the  abdacens.  This  liga- 
ment, therefore,  stretches  obliquely  across  from  the  roof  to  the 
outer  wall  of  the  orbit,  and  it  is  this  arrangement  which  alters 
the  direction  of  the  superior  rectus ;  for  the  intracapsular  part  of 
this  muscle  makes  a  very  decided  bend  inwards  towards  the 
nose.  In  other  particulars  the  intracapsular  ligament  of  the 
superior  rectus  resembles  all  the  others. 

The  anatomy  of  the  opening  for  the  two  oblique  muscles  may 
be  briefly  described.  That  for  the  superior  is  a  simple  circular 
opening,  devoid  of  ligamentous  apparatus.  This  might  have 
been  anticipated  if  the  direction  imparted  by  the  trochlea  to  the 
reflected  tendon  be  considered.  The  inferior  oblique  pierces  the 
suspensory  ligament  (Plate  I.  fig.  5).  Its  aperture  is  just  behind 
and  external  to  the  slit  of  the  inferior  rectus,  but  it  is  separated 
from  it  by  the  intracapsular  ligament,  which  the  suspensory 
ligament  forms  for  that  muscle,  and,  in  addition,  by  a  small 
oblique  band  of  fibres  which  cross  the  upper  surface  of  the 
suspensory  ligament  (Plate  I.  fig.  5).  It  is  not  improbable  that 
this  corresponds  to  an  intracapsular  ligament,  and  its  connections 
endow  it  with  sufficient  immobility. 

In  concluding  the  account  of  these  structures,  allusion  may  be 
fflade  to  a  function  which  they  possibly  perform.  Although  their 
attachments  to  the  walls  of  the  orbit  have  not  been  specified  in 
very  positive  terms,  this  is  merely  because  they  have  not  been 
traced  there  as  distinct  bands.     Speaking  more  particularly  of 

1  It  is  interesting  to  note  that  Quain  comments  upon  the  strength  of  the 
iiiTestinent  of  the  superior  oblique  tendon,  p.  284. 
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the  internal  and  external  intracapsular  ligaments,  there  seems  to 
I^e  little  doubt  but  that  they  are  firmly  fixed  above  and  below 
each  tendon.  Clearly  this  would  prevent  the  muscles  following 
the  globe  in  any  movement  of  rotation,  and  the  arrangement  of 
the  tendons  and  openings  of  the  superior  and  inferior  rectus 
would  assist.  In  other  words,  they  seem  adapted  to  check  the 
tendency  of  the  oblique  muscles  to  rotate  the  eyi3.  As  far  as  I 
can  ascertain,  the  oblique  muscles  are  quite  unprovided  with 
check  apparatus  of  any  kind ;  but,  seemingly,  the  intracapsular 
ligaments  are  perfectly  capacitated  by  their  relations  to  the  recti 
to  act  as  such. 

The  interior  of  the  capsule  of  Tenon  has  been  best  described  by 
Bonnet,  Ferrall,  and  Lenoir.  These  observers  expose  it  from  in  front 
by  first  dividing  the  ocular  conjunctiva  and  tunica  vaginalis,  and  after- 
wards the  tendons  of  the  muscles  and  optic  nerve.  The  apertures  for 
the  muscles  have  been  described  and  portrayed  by  Bonnet,  but  very 
inadequately  (p.  13,  plate  i.),  and  Lenoir  doubts  the  correctness  of  his 
observations,  and  says  the  openings  do  not  exist.  Such  a  conclusion 
might  easily  be  arrived  at  if  the  inner  tunic  (tunica  adventitia)  was 
ignored.  Neither  of  these  writers  seem  to  have  been  aware  of  the 
researches  of  Ferrall,  published  in  1841 ;  the  same  year  as  Bonnet's 
work,  and  nine  years  before  Lenoir's.  Speaking  of  the  interior  of 
the  capsule,  Ferrall  (p.  338)  says — "  In  the  concavity  of  this  tunic, 
and  about  half  an  inch  posterior  to  its  anterior  or  orbital  margin,  are 
to  be  found  six  well-defined  openings,  through  which  the  tendons  of 
the  muscles  emerge  in  passing  to  their  insertions  into  the  sclerotic  coat, 
and  over  which  they  play,  as  over  pulleys,  in  their  course.  The 
tendons  are  loosely  connected  to  the  edges  of  the  apertures  by  fine 
cellular  tissue,  which  opposes  no  obstacle  in  their  gliding  movements." 
This  anatomist  says  nothing  more  about  the  anatomy  of  these  openings, 
but  the  accompanying  figures  seem  intended  to  show  that  a  band  of 
fibres  extends  along  the  edge  of  each. 

Specimens  which  illustrate  these  observations  have  been 
placed  in  the  museum  of  St  Bartholomew's  Hospital.  It  is  to 
be  noted  that  whatever  has  been  said  applies  to  specimens 
which  have  been  hardened  in  spirit  There  is  no  question  but 
that  in  the  recent  state  the  various  ligaments  which  surround 
the  eye  are  very  yielding  and  elastic,  and  that  hardened  speci- 
mens hardly  convey  a  perfect  idea  of  this,  but  in  other  respects 
the  results  which  they  afford  appear  to  be  reliable. 
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EXPLANATION  OF  PLATE  L 

Fig.  1.  Tendon  of  Zinn.  K  L  and  A.,  external,  inferior,  and  inter- 
nal lectL     Drawn  from  a  specimen. 

Fig.  2.  Common  tendinous  origin  of  superior  ^S.),  external  (K),  and 
internal  (L)  rectL  L.,  root  of  the  lesser  wing  oi  the  sphenoid,  to  the 
front  of  which  it  is  attached     T.,  tendon. 

Fig.  3.  Horizontal  section  of  orbit  through  the  centre  of  the  cornea. 
L,  internal,  £.,  external,  attachments  of  the  suspensoiy  and  check  liga> 
ments  (ailes  ligamenteuse,  Tenon).  A.,  sheath  of  adductor,  and  B., 
sheath  of  abductor  muscles  (the  latter  making  a  greater  bend). 
Only  the  tunica  vaginalis  is  delineated,  the  tunica  adventitia  being 
omitted.     The  ^xsular  coigunctiva  has  been  dotted  in. 

Fig.  4r.  Vertical  section.  The  sheath  of  the  levator  palpebrsB  ia 
dotted  in  abov'e  the  superior  rectus.  The  capsule  of  Tenon  is  thicker 
below  in  the  region  of  the  suspensory  ligament  I.  O.,  inferior 
oblique.  Only  the  tunica  vaginalis  is  delineated ;  the  tunica  adventitia 
has  been  omitted. 

Fig.  5.  Horizontal  section  through  the  orbit  at  the  level  of  the 
cantbL  L..,  lachrymal  sac.  The  front  aperture  is  crossed  by  the  sus- 
pensory ligament,  which  is  pierced  by  the  inferior  rectus  and  inferior 
oblique.     Drawn  from  a  specimen. 


TWO  CASES  OF  AN  ABNOKMAL  CORONARY  ARTERY 
OF  THE  HEART  ARISING  FROM  THE  PULMONARY 
ARTERY :  With  some  Remakks  upon  the  Effect  of  this 
Anomaly  in  producing  Ciksoid  Dilatation  of  the 
Vessels.  By  H.  St  John  Brooks,  M.B.,  Demondrdtor  of 
Anatomy  in  TrinUy  College,  Dublin,    (Plate  IL) 

During  the  course  of  the  Winter  Session,  1884-5,  two  very 
remarkable  instances  of  a  coronary  artery  of  the  heart,  springing 
from  the  pulmonary  artery,  occurred  in  the  Practical  Anatomy 
Rooms  of  this  University.  The  apparent  rarity  of  this  abnor- 
mality, and  the  curious  effect  which  it  has  in  producing  a  cirsoid 
dilatation  of  the  vessels  in  connection  with  the  anomalous 
arteries,  have  induced  me  to  put  on  record  the  two  cases  in 
question. 

In  the  6rst  case  that  was  discovered,  the  anomalous  coronary 
artery  was  a  vessel  which  presented  a  calibre,  corresponding  in 
size  to  that  of  a  crow-quill.  It  sprang  from  the  right  anterior 
sinus  of  Valsalva  of  the  pulmonary  artery,  and  passed  downwards 
upon  the  infundibulum  of  the  right  ventricle,  upon  which  it 
broke  up  into  branches.  These  could  be  traced  downwards  for 
some  distance  upon  the  cardiac  wall,  and  several  of  them  were 
observed  to  anastomose  with  the  branches  of  the  aortic  coronary 
arteries.  In  addition,  however,  to  its  cardiac  twigs,  others  of 
smaller  size  could  be  detected  ramifying  in  the  coats  of  the 
pulmonary  artery.  The  walls  of  this  abnormal  branch  of  the 
pulmonary  artery  were  exceedingly  thin,  and  presented  characters 
such  as  one  would  expect  to  find  in  a  vein.  On  slitting  up  the 
pulmonary  artery  its  orifice  was  observed  to  be  placed  in  a  manner 
identical  to  the  corresponding  openings  in  the  aorta,  viz.,  just 
immediately  above  the  free  margin  of  the  semi-lunar  segment  of 
the  valve. 

A  consideration  of  this  case  will  show  that  a  very  interesting 
question  is  connected  with  it  ?  Here  are  two  arteries  belonging 
to  the  different  circulations — the  pulmonary  and  the  systeQiic — 
^anastomosing  with  each  other.    In  these  circulations,  as  is  well 
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known,  the  arterial  pressure  is  very  much  greater  in  the 
systemic  than  in  the  pulmonary ;  how  then  did  the  blood  flow 
in  the  anomalous  coronary  artery  ?  There  cannot  be  a  doubt 
that  it  acted  very  much  after  the  manner  of  a  vein,  and  that 
blood  flowed  through  it  towards  the  pulmonary  artery,  and  from 
thence  into  the  lungs.  The  wonderful  effect  of  such  a  condition 
on  the  vessels  in  connection  with  the  anomalous  artery  is  shown 
in  the  second  case. 

The  subject  in  which  the  second  anomalous  coronary  artery 
was  found  was  an  elderly  male.  The  vessel  had  precisely  the 
same  origin,  viz.,  from  the  right  anterior  sinus  of  Valsalva,  but  it 
was  very  much  larger,  presenting  a  calibre  quite  equal  to  that 
of  the  aortic  coronary  arteries,  which  were  in  this  case  of 
unusually  large  size,  and  very  atheromatous ;  as  in  the  preceding 
case,  the  origin  of  this  vessel  was  placed  beyond  all  doubt  by 
slitting  up  the  pulmonary  artery  and  finding  the  orifice  imme- 
diately above  the  corresponding  semi-lunar  valvular  segment. 
So  far  as  could  be  made  out  it  gave  no  branches  to  the  heart, 
but  passed  for  a  short  distance  to  the  left,  and  then  entered  a 
complicated  mass  of  tortuous,  thin-walled,  dilated  vessels, 
not  unlike  a  cirsoid  aneurism.  Tbis  arterial  mass  was  placed 
more  or  less  around  the  pulmonary  artery — lying  chiefly  behind 
and  to  the  left  of  it,  whilst  a  prolongation  passed  upwards  upon 
the  trachea  and  behind  the  arotic  arch.  The  arteries  compos- 
ing it  were  bound  together  with  dense  connective  tissue,  so  that 
it  was  exceedingly  difficult  to  unravel  them.  Three  large 
arteries  (in  addition  to  the  pulmonary  branch),  entered  this 
curious  arterial  arrangement.  Of  these  one  came  from  the  right 
aortic  coronary  artery  and  passed  behind  both  the  aorta  and  the 
pulmonary  artery  to  reach  its  destination,  the  second  was  a 
branch  of  the  left  subclavian,  and  it  arose  from  this  vessel  in 
the  root  of  the  neck  close  to  the  inner  margin  of  the  scalenus 
anticus,  and  descended  in  front  of  the  aortic  arch  and  pulmonary 
artery  to  take  part  in  the  formation  of  the  cirsoid  mass ;  the 
third  branch  took  origin  from  the  posterior  aspect  of  the  trans- 
verse portion  of  the  aortic  arch,  and  immediately  entered  the 
arterial  mass.  These  three  channels  were  of  nearly  equal  size, 
presenting  a  calibre  rather  greater  than  that  of  a  crow-quill.  They 
are  all  abnormal  branches,  and  the  question  comes  to  be,  How 
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have  they  sprung  into  existence.  There  can  be  little  doubt  that 
the  whole  arrangement  of  dilated  tortuous  vessels  has  arisen 
originally  from  a  condition  similar  to  that  detailed  in  the  first 
case,  viz.,  from  an  anastomosis  between  a  pulmonary  and  an 
aortic  coronary  artery.  The  double  arterial  pressure  upon  the 
walls  of  these  vessels  has  led  not  only  to  their  own  dilatation, 
but  has  opened  up  channels  which  under  ordinary  circumstances 
are  invisible.  These  extra  channels  are  probably  formed  out  of 
certain  of  the  minute  arteries  which  are  given  off  for  the  supply 
of  the  coats  of  the  great  vessels.  Why  the  tortuosity  and 
dilatation  should  have  occurred  in  the  one  case  and  not  in  the 
other,  it  is  impossible  to  say.  It  is  likely,  however,  that  the 
inosculations  in  the  second  case  had  been  originally  of  a  more 
direct  and  larger  kind. 

From  the  cirsoid  mass  several  arteries  ran  upwards  upon  the 
trachea  and  were  evidently  concerned  in  the  supply  of  its  wall, 
whilst  one  was  traced  into  the  lung  of  the  right  side  upon  the 
back  of  the  bronchial  tube. 

The  problem  as  to  how  the  blood  flowed  in  this  arrangement 
is  one  of  great  difficulty.  The  three  systemic  arteries  (viz.,  from 
the  aorta,  subclavian,  and  the  right  coronary)  doubtless  conveyed 
the  blood  into  it;  in  all  probability  the  pulmonary  coronary 
branch  acted  as  the  channel  by  which  the  blood  was  drained 
away.  A  small  quantity  of  the  blood,  however,  was  utilized  for 
the  supply  of  the  trachea  and  the  right  lung. 

W.  Krause  (quoted  by  Henle)  records  a  very  similar  case  to 
the  first  of  those  described  in  this  paper.  In  his  case,  however, 
the  anomalous  branch  came  from  the  left  anterior  sinus  of 
Valsalva  of  the  pulmonary  artery.^ 


EXPLANATION  OF  PLATE  H. 

Fig  1.  (1)  Branch  from  right  coronary  artery,  about  J  inch  from  its 
origin  and  passing  behind  aorta  and  pulmonary  artery  (indicated  by 
dotted  line) ;  reappears  at  (2),  where  it  gives  oflF  three  branches  (3),  and 
anastomoses  with  an  anomalous  coronary  branch  (4),  which  arises  from 
right  anterior  sinus  of  Valsalva  of  the  pulmonary  artery.     From  this 

1  ZHtsehr.  /.  rat,  Med,,  1866,  zzlv. 
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anaatomoeis  two  l3ranche8  ascend  in  front  of  the  bifurcation  of  the 
poLnonaiy  artery  and  the  transverse  portion  of  arch  of  aorta  and  join 
anomalous  branch  (5)  arising  from  subclavian  artery  near  origin  of 
vertebral 

Fig  2.  The  three  branches  (3)  ascend,  forming  a  cirsoid  anastomosis 
between  the  pulmonary  artery  and  the  trachea,  give  off  (6)  a  branch 
to  right  bronchus  and  join  anomalous  branch  (7)  arising  from  aorta. 


ON   A  SECOND  BURSA  CONNECTED  WITH  THE  IN- 
SERTION OF  THE  BICEPS,  AND  ON  SOME  RARE 
ABNORMALITIES.    By   A.  Ward    Collins,   M.RC.S., 
L.RC.P.  Lond.,  Assistant  Demonstrator  of  Anatomy,  Univer 
sity  College,  Liverpool. 

The  extreme  ease  with  which  the  tendon  of  the  biceps 
(of  the  arm)  plays  between  the  adjacent  structares  in  the 
movements  of  pronation  and  supination  might  perhaps  lead  one 
to  imagine  the  existence  of  some  means,  in  addition  to  the 
bursa  usually  described,  adapted  to  the  free  permission  of  this 
movement. 

I  have  recently  found  that  there  is  such  an  additional  means 
present,  in  the  shape  of  a  second  bursa,  situated  on  the  inner 
or  ulnar  face  of  the  tendon. 

This  second  bursa  may  be  found  from  the  front  (after  reflec- 
tion of  the  superficial  muscles  and  with  the  radius  supinated), 
in  the  interval  between  the  oblique  ligament  and  the  tubercle  of 
the  radius,  but  can  be  more  readily  displayed  from  behind,  after 
removal  of  the  superficial  muscles,  by  forcibly  pronating  the 
radius  and  reflecting  the  supinator  brevis  from  the  radius 
inwards. 

If  an  arm,  in  which  the  insertion  of  the  biceps  is  exposed,  be 
placed  with  the  anterior  surface  upwards,  and  the  radius  com- 
pletely supinated,  it  will  be  found  that  the  smooth  posterior 
surface  of  the  tubercle  (that  is  the  portion  of  the  tubercle  which 
is  continuous  with  the  posterior  surface  of  the  rest  of  Uie  bone) 
comes  as  far  forward  as  the  point  at  which  the  ulna  attaches  the 
oblique  ligament.  Let  this  be  taken  as  the  fixed  point,  then 
mark  that  spot  on  the  tubercle  which  is  opposite  this  point ;  now 
rotate  the  radius  into  the  position  of  complete  pronation  and 
mark  that  point  on  the  tendon  which  is  opposite  the  fixed  point. 
The  two  marks  will  be  from  three  quarters  of  an  inch  to  an  inch 
distant  from  one  another,  and  it  is  this  portion  of  the  tubercle 
and  tendon  included  between  the  marks  which  is  lubricated  by 
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this  additional  bnisa  which  intervenes  between  it  and  the  follow- 
ing stractnres : — 

1.  The  pad  of  fat  filling  interval  at  bend  of  elbow. 

2.  The  oblique  ligament,  which  separates  the  bursa  from  the 
upper  part  of  the  flexor  profondas  digifcorum. 

3.  The  sapinator  brevis. 

The  size  of  this  bursa  appears  usually  to  be  about  one  inch 
by  three  quarters,  the  long  diameter  corresponding  to  the  long 
axis  of  the  tendon. 

The  first  case  in  which  I  met  with  this  second  bursa  was  in  a 
very  muscular  subject,  and  the  thought  occurred  to  me  at  the 
time  that  it  might  perhaps  be  an  adventitious  development 
consequent  upon  the  unusual  muscularity  of  the  individual,  but 
as  I  have  since  ascertained  its  presence  in  all  the  other  cases  (so 
far,  eleven  in  number)  in  which  I  have  sought  it,  I  feel  fairly 
justified  in  assuming  it  to  be  a  normal  structure. 

Abnormauties. 

The  following  cases,  with  one  exception,  have  been  observed 
in  the  dissecting-room  here  during  the  last  twelve  months.  Case 
lY.  occurred  more  than  two  years  ago,  and  unfortunately  only 
a  very  incomplete  record  was  kept  of  it : — 

Case  I.  In  this  case  the  brachial  artery  gave  off  from  its 
upper  third  a  vas  aberrans,  the  destination  of  which  will  be 
subsequently  seen,  but  was  otherwise  normal,  and  divided  at  the 
usual  level 

The  ulnar  artery  was  normal,  but  the  radial  took  the  following 
erratic  course  (see  diagram)  successively  downwards,  outwards, 
upwards,  inwards,  and  then  downwards  again,  this  latter  portion 
passing  in  front  of  the  first  part. 

There  was  thus  formed  a  complete  circle  of  a  diameter, 
sufficient  to  admit  tha  tip  of  the  little  finger,  lying  upon  the 
lower  part  of  the  biceps  tendon,  and  (in  the  dissected  condition) 
fully  exposed  in  the  interval  between  the  supinator  longus  and 
the  pronator  teres. 

The  upper  part  of  this  circle  was  joined  by  the  vas  aberrans 
already  mentioned,  and  through  the  circle  the  profunda  vein 
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passed  up  to  joia  the  median  cephalic.  Immediately  after  com- 
pleting the  circle  the  radial  gave  off  its  recurrent  branch,  and 
was  normal  in  the  rest  of  its  course. 

Case  II. — ^The  ulnar  artery  sprang  from  the  brachial  opposite 
the  insertion  of  the  coraco-brachialis.  Inclining  backwards  it 
passed  superficially  behind  the  internal  condyle ;  in  the  lower 
third  of  the  fore-arm  it  came  gradually  forwards  again  over  the 
tendon  of  the  flexor  carpi  ulnaris,  to  reach  its  usual  situation  on 
the  front  of  the  annular  ligament.  The  common  interosseous 
trunk,  in  addition  to  its  terminal  branches  and  the  ulnar 
recurrent  arteries,  gave  a  small  branch,  which  accompanied  the 
ulnar  nerve  to  within  two  inches  of  the  wrist. 

Case  III. — On  the  reflection  of  the  rhomboids,  by  the  dis- 
sector of  the  upper  extremity,  an  artery  was  found  perforating 
the  third  external  intercostal  muscle,  a  little  outside  the  angles 
of  the  ribs,  and  on  subsequent  dissection  the  following  facts 
were  ascertained : — ^The  transversalis  colli  artery  was  continued 
as  the  superficial  cervical  only,  and  no  trace  of  a  posterior 
scapular  could  be  found,  either  derived  from  the  thyroid  axis  or 
as  a  direct  branch  of  the  subclavian. 

The  artery  which  appeared  under  cover  of  the  rhomboids  was 
derived  from  the  third  intercostal,  and  equalled  the  usual  size 
of  the  vessel  it  replaced — the  posterior  scapular.  After  perforat- 
ing the  intercostal  muscle,  it  extended  for  about  two  inches  in 
a  direction  which  varied  with  the  position  of  the  scapula,  and 
then  turned  downwards  in  the  interval  between  the  serratus 
magnus  and  the  rhomboids,  to  be  distributed  like  the  corre- 
sponding part  of  the  posterior  scapular  artery. 

Case  IV. — In  this  case  the  popliteal  artery,  soon  after  enter- 
ing the  space,  divided  into  two  nearly  equal  trunks,  whith  lay 
anterior  and  posterior  to  another  respectively,  and  reunited  after 
extending  separately  for  two  inches.  No  note  was  made  as  to 
the  derivation  from  these  two  divisions  of  the  usual  branches  of 
the  popliteal. 

Case  V. — On  the  right  pleural  cavity  being  opened,  the  apex 


ON   A  SECOND  BUHSA,  ETC.  33 

of  the  lung  was  found  to  be  cleft  by  ti  vertix^al  fissure  two  iuches 
and  a  half  deep^  which  extended  from  the  inner  surface  near 
the  anterior  border,  backwards  and  onwards  to  the  rounded 
poeterior  border,  and  divided  off  from  the  rest  of  the  upper  lobe 
a  smaller  internal  portion,  which  measured  three  inches  from 
before  back,  two  and  a  half  from  above  down,  and  one  inch 
from  side  to  side. 

The  upper  part  of  the  pleural  cavity  was  divided  in  a  corre- 
sponding manner  by  a  double  falciform  fold  of  pleura  two  and 
a  half  inches  deep,  which  descended  vertically  from  a  point  just 
external  to  the  apex  (which  was  an  inch  and  a  half  above  the 
clavicle),  and  divided  the  dome  into  two  compartments,  of 
which  the  inner  lodged  the  small  portion  of  lung  already 
described.  The  free  concave  lower  border  of  this  fold  of  pleura 
arched  from  the  right  side  of  the  fifth  dorsal  vertebra  behind,  to 
the  junction  of  the  second  costal  cartilage  with  the  sternum 
in  front,  the  highest  point  of  the  arch  being  on  a  level  with  the 
centre  of  the  manubrium ;  and  in  this  free  border  was  contained 
the  vena  azygos  major,  the  fold  of  pleura  with  the  contained 
Bzygos  vein  thus  presenting  a  somewhat  striking  resemblance  to 
the  falciform  ligament  of  the  liver  and  the  obliterated  umbilical 
vein.  In  this  case,  therefore,  the  vena  azygos  major,  when  it 
reached  the  fifth  dorsal  vertebra,  instead  of  arching  over  the 
root  of  the  lung  to  join  the  superior  vena  cava,  arched  across 
the  pleural  cavity,  contained  in  a  fold  of  pleura,  to  the  junction 
o!  the  second  costal  cartilage  with  the  sternum,  where  it  ended 
by  joining  the  right  innominate  vein  near  its  termination,  which 
in  this  case  was  at  a  rather  lower  level  than  usual.  It  received 
all  the  intercostal  veins  from  its  own  side;  those  from  the 
upper  four  spaces  running  between  the  layers  of  the  pleural 
fold  to  empty  themselves  into  it  as  it  lay  in  the  free  margin, 
bat  had  only  a  small  branch  of  communication,  with  the  vein  of 
the  opposite  side,  across  the  front  of  the  tenth  dorsal  vertebra. 

On  the  left  side  the  first  intercostal  vein  joined  the  vertebral, 
the  remainder  emptying  themselves  into  a  single  left  azygos 
vein,  which  terminated  in  the  innominate  of  that  side. 
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ABNORMALITIES  OF  THE  LOBES  OF  THE  HUMAN 
LUNG.  By  A.  Ernest  Maylard,  B.S.  Lond.,  Extra 
Surgeon  to  the  Dispensary,  Western  Infirmary,  Glasgow ;  UUe 
DeTTumstrator  of  Aruitomyy  Gwifs  Hospital^  London, 

The  subject  of  the  following  few  remarks  is  based  upoa  abnor- 
malities in  the  lobes  of  the  lung  found  in  three  specimens 
which  presented  themselves  in  the  course  of  the  usual  post- 
mortem examination  in  the  Pathological  Department  of  the 
Western  Infirmary,  Glasgow. 

Before  entering  into  any  discussion  upon  the  subject,  it  may 
be  as  well  to  briefly  describe  the  specimens. 

The  first  is  that  of  a  right  lung  with  no  indication  of  a  middle 
lobe,  but  the  development  of  a  third  or  accessory  one  on  its  inner 
surface ;  the  second  is  that  of  a  left  lung  with  a  subdivision  of 
the  upper  lobe ;  and  the  third,  a  right  lung  with  an  incomplete 
separation  of  the  normal  middle  lobe. 

The  first  specimen  came  under  the  notice  of  Dr  Coats  while 
conducting  the  post-mortem  of  a  man  who  had  died  from  cancer 
of  the  bowel  Viewing  the  lung  from  the  front,  it  presents  all 
the  appearances  of  a  left  viscus,  with  the  exception  of  a  slight 
''  puckering"  situated  on  the  anterior  margin,  at  the  junction  of 
the  lower  and  middle  thirds.  This  looks  as  if  there  was  some 
indication  of  a  natural  separation  of  the  usual  third  lobe,  but 
the  condition  seems  to  be  more  likely  pathological  in  its  origin. 
Examining  the  internal  aspect  of  the  lung,  a  small  isolated  lobe 
is  seen  extending  upwards  from  the  root  to  near  the  apex.  At 
its  attachment  below  it  is  about  two  inches  wide,  the  centre  of 
its  bases  being  immediately  over  the  root  of  the  lung.  Boughly, 
it  may  be  described  as  tongue  shaped,  extending  to  within  half 
an  inch  of  the  apex,  and  being  itself  about  three  inches  long. 
The  lobe  has  cU  the  appearance  of  being  an  added  one,  and  not 
a  mere  separation  from,  or  division  of,  the  normal  upper  loba 
The  remaining  two  specimens,  consisting  of  both  right  and  left 
lung,  I  removed  from  the  body  of  a  man  who  died  from  osteo- 
myelitis, following  the  operation  of  osteotomy  for  genu  valgum. 
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The  left  lung  is  found  to  be  divided  into  two  lobes  hj  the  usual 
line  of  intersection ;  but  springing  from  the  anterior  margin,  at 
the  junction  of  the  two  lower  fourths^  a  second  fissure  is  seen 
extending  obliquely  upwards,  and  incompletely  dividing  the 
upper  lobe  into  two.  This  fissure  is  about  two  inches  long, 
reaching  to  within  one  and  a  half  inches  of  the  main  division, 
and  thus  detaching  a  narrow  elongated  piece  of  lung,  in  shape  not 
unlike  the  lobe  described  in  the  above  specimen.  The  right  lung 
of  this  same  case  showed,  as  briefly  mentioned  above,  an  incom- 
plete separation  of  the  middle  lobe,  the  natural  line  of  division 
not  extending  more  than  an  inch  and  a  half  from  the  main  sulcus. 

The  two  main  classes  into  which  anatomists  have  usually 
divided  variations  in  the  number  of  the  lobes  of  the  human  lung 
are — (1)  those  where  the  normal  number  have  been  lessened, 
either  from  actual  deficiency  of  development  of  the  lobes  them- 
selves (A)  or  of  the  fissures  which  normally  divide  them  (6.) ; 
and  (2)  those  where  the  number  is  increased  either  by  accessory 
lobes  (A.)  or  by  additional  fissures  cutting  off  extra  ones  from 
the  main  divisions  (B.). 

In  the  first  class  mentioned  (Subdivision  A.)  the  lessening  of 
the  number  of  lobes  from  failures  of  development  appears  to  be 
extremely  rare.  The  state  of  atelectasis  cannot  bo  accepted  as 
coming  under  this  head,  since  the  condition  is  not  one  where 
there  is  absence  of  development  of  lung  tissue,  but  where  failure 
of  normal  expansion  is  the  sole  cause  of  what  is  only  an  apparent 
deficiency.  Ponfic,  in  Virchow's  Archiv,  vol.  1.  p.  633,  however, 
has  recorded  a  case  which  rightly  belongs  to  this  class.  The 
light  bronchus  was  developed,  and  found  to  be  conuected  with 
an  ovoid  body  five  lines  long,  three  and  a  half  broad,  and  two 
and  a  half  thick,  imbedded  in  a  reddish-yellow  gelatinous  tissue, 
which  filled  the  right  half  of  the  thorax.  In  the  Subdivision  (6.) 
of  the  same  class,  where  the  number  of  lobes  is  lessened  from 
non-  or  incomplete  development  of  the  normal  fissures,  the 
frequency  of  illustrative  cases  varies.  Thus  the  complete 
absences  of  any  division  of  either  the  right  or  left  lung  is 
extremely  rare,  if,  indeed,  it  has  ever  been  found,  although  homo- 
logy ^  would  lead  one  to  believe  the  condition  possible.  YcBalius 
(2>e  Carp,  hum.  fahr.,  libr.  vi.)  speaks  of  the  human  lungs  being 

^ J       »  The  Orang  haa  two  Itiiigs,  each  existing  as  a  unique  lobe. 
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non-lobed,  but  Sappey  seems  to  doubt  somewhat  this,  believing 
rather  that  modern  pathology  would  have  revealed  interlobar 
adhesions,  the  result  of  a  pleurisy,  as  the  cause  of  the  apparent 
mono-lobed  condition.  The  right  luag  of  the  first  case  narrated 
above  would  seem  to  belong  properly  to  this  class,  inasmuch  as 
but  for  the  accessory  lobe  on  the  inner  aspect  the  organ  would 
really  be  bilobed  from  the  absence  of  the  normal  separation  of 
the  middle  lobe.  There  certainly  was,  so  far  as  one  could  judge, 
nothing  of  the  nature  of  adhesions,  which  had  obliterated  a 
previously  existing  fissure.  Nevertheless,  one  must  allow  that 
a  pleurisy  occurring  anterior  to  birth  might  possibly  lead  to  an 
adhesion  between  two  lobes  which  subsequent  development 
might  fail  to  disconnect.  This,  however,  without  other  indications, 
is  unlikely. 

Of  cases  where  normal  lobes  exist,  but  incompletely  detached 
examples  are  numerous  enough,  and  the  right  lobe  of  the  third 
case  is  an  example  in  point 

In  Subdivision  A.  of  CIeiss  II.,  where  there  is  development 
of  accessory  lobes,  numerous  cases  have  been  recorded,  almost  all, 
however,  illustrations  of  two  particular  conditions  affecting  the 
right  lung ;  one  where  an  accessory  lobe  has  been  found  above 
the  root  of  the  old  lung,  and  the  other  where  it  appeared  to 
occupy  a  similar  position  below  it.  In  the  latter  condition, 
the  peculiar  constancy  of  the  relations  of  the  lobe,-  and  the 
resemblance  it  holds  to  a  similar  one  normally  existing  in 
quadrupeds,  has  caused  it  to  receive  a  special  name.  Thus,  in 
virtue  of  Darwin's  theory,  it  has  been  called  by  Pozzi  an 
anomalie  reversive ;  by  other  anatomists  the  azygos  lobe ;  the  lobvs 
impar  of  Owen,  the  lohcs  accessoire  of  Duvernoy.  Such  a 
position,  therefore,  for  an  accessory  lobe  seems  a  well-recognised 
one.^  Not  so,  apparently,  with  the  other  class  of  cases,  where  the 
lobe  is  found  below  the  root  of  the  lung.  In  recent  years  four 
such  cases  appear  to  have  been  reported,  and,  as  these  all 
occurred  about  the  same  time,  it  would  lead  one  to  believe  that 
the  anomaly  may  not  be  so  rare  after  all.  Professor  Chiene 
published   one    such    case  in  the  Journal  of  Anatomy  and 

*  See  also  cases  described  by  Dr  E.  W.  Collins  in  Trans,  Royal  Irish  Aoadtmy, 
1874 ;  by  Dr  Laurence  Humphry  in  this  Journal,  July  1886 ;  and  by  Dr 
Edwards  in  the  American  Journal  of  the  Medical  Sciences,  July[1885. 
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Physiology,  voL  iv.  p.  89.  In  every  respect  as  to  size,  shape,  and 
position  it  resembles  the  one  described  above.  Shortly  after  the 
record  of  Professor  Chiene's  case,  Professor  Cleland  followed 
with  the  narration  of  a  precisely  similar  one  in  the  same  volume 
of  this  Journal,  p.  200.  A  little  later  Wenzel  Gruber  recorded 
two  similar  cases  {Bull  de  Vacad.  Imp.  des,  Sc,  de  St  Petersb,,  5 
Apu  1870).  In  all  these  four  specimens  it  was  noticed  that  the 
vena  azygos  major  passed  around  the  base  of  the  supernumerary 
lobe.  Unfortunately,  in  the  usual  comparatively  rough  method 
of  removing  the  lungs  at  a  post-mortem  as  contrasted  with  a 
careful  dissection  in  the  anatomy  room,  the  relation  of  the 
azygoe  .vein  to  the  lobe  was  not  observed.  If,  however.  Pro- 
fessor Cleland's  explanation  of  the  abnormality  (as  suggested 
at  the  conclusion  of  his  own  case)  be  correct,  it  is  extremely 
probable  that  the  vein  did  pass  over  it  as  in  other  cases,  for  the 
existence  of  the  lobe  is  made  to  depend  upon  the  course  of  the 
vein  constricting  or  notching  a  piece  of  the  upper  lobe,  which  at 
an  early  period  had  become  adherent  to  the  thoracic  wall  This 
explanation  tends  to  class  these  cases  rather  with  those  where 
an  extra  lobe  is  due  to  the  subdivision  of  a  primary  lobe  than  to 
the  development  of  an  additional  one,  as  was  originally  supposed. 

In  Subdivision  B.,  where  the  number  of  lobes  is  increased  by 
the  Assuring  of  the  primary  ones,  examples  are  frequently  met 
with,  and  the  abnormality  is  probably  one  of  the  commonest. 
The  second  case  narrated  above  is  an  illustration  of  this,  the 
extra  lobe  being  formed  at  the  expense  of  the  normal  left  upper 
one.  A  specimen  almost  identical  with  one  here  described  was 
shown  at  the  Soci^t^  Anatomique  in  Paris  some  years  back,  and 
is  to  be  found  depicted  in  Cruveilhier's  Trait6  d*Anatomie 
descriptive,  vol.  ii  p.  282,  5th  edition. 

The  cases  of  more  than  four  lobes  to  the  right  and  three  to 
the  left  must  be  very  rare ;  and  although  most  writers  upon  the 
subject  allude  to  their  having  been  observed,  it  is  generally  with 
a  kind  of  reserve,  as  if  the  statement  were  one  of  those  literary 
innovations,  doubtful  as  to  its  origin,  which,  once  having  gained 
admission  to  publication,  had  becomed  handed  down  by  subse- 
quent writers  until  it  assumed  the  appearance,  and  finally 
received  the  acknowledgment,  of  being  a  fact.  There  is  a 
condition,   however,    of    pulmonary    division    alluded    to    by 
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Cruveilhier  which  might  possibly  have  led  to  this  belief  in  a  multi- 
plicity of  lobes.  Thus  Cruveilhier  states : — "  II  n'est  pas  rare 
de  voir  la  base  du  poumon  divis^e  en  plusieurs  lobules  presque 
compl^tement  s^par^  du  reste  du  poumon,  auquel  ils  ne  tien- 
nent  que  par  un  p^icule,  dans  lequel  ou  trove  toujours  un 
canal  a^rien,  une  artere  et  une  veine  pulmonaires." 


S. 
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THE  NATURE  OF  LIGAMENTS.  (Part  IV.)  By  J.  Bland 
Sutton,  RE.C.S.,  Lecturer  on  Comparative  Anatomy, 
Middlesex  Hospital  Medical  College,     (Plate  III.) 

DimiNG  the  past  few  months  I  have  enjoyed  the  opportunity  of 
dissecting  some  very  interesting  animals :  this  new  material  has 
enabled  me  not  only  to  continue  my  inquiry  into  the  ''  nature  of 
ligaments  "  bub  has  supplied  me  with  additional  facts  in  support 
of  my  views  on  this  subject,  and  led  me  to  see  the  mode  of 
origin  of  others  of  these  structures,  whose  nature  was  certainly 
not  very  obvious  when  I  first  took  up  the  matter.  The  liga- 
ments I  propose  dealing  with  in  this  paper  are: — 

1.  The  inter-articular  fibro-cartilages  of  the  knee-joint. 

2.  The  bicipital  loop  in  the  thigh  of  birds. 

3.  The  gleno-humeral  ligament 

4.  Certain  ligaments  in  the  wrist  and  carpus. 

5.  The  anterior  annular  ligaments  of  the  ankle-joint,  and  the 

inter-articular  cartilage  in  the  medio-tarsal  joint  of  birds. 

6.  Eudimentary  toes  in  birds. 

7.  Certain  ligaments  in  the  vertebral  column,  particularly  the 

posterior  common  ligament;  also  the  relation  between 
the  subnotochordal  rod  and  the  anterior  common  ligament 
of  the  spine. 

The  Inter-articvlar  Fibro-cartUages  of  the  KneeJ'oint 

On  a  previous  occasion  I  not  only  attempted  to  show  that  the 
inter-articular  fibro-cartilages  of  the  knee-joint  of  man  were 
metamorphosed  tendons,  but  even  ventured  to  associate  the 
inner  one  with  the  semimembranosus  and  the  outer  one  with 
the  popliteus  muscle.  Evidence  has  gradually  accumulated  in 
later  dissections,  which  supports  my  view  in  regard  to  the  origin 
of  these  fibro-cartilages,  and  the  knee-joint  of  Iguana  will  be 
chosen,  for  it  is  interesting  beyond  measure  in  its  bearing  on 
the  question.  In  this  form,  as  well  as  in  some  other  reptiles, 
we  find  a  very  remarkable  muscle  in  the  thigh,  known  as  the 
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feTnoro-cavdal,  It  is  an  exceedingly  large  muscle,  and  arises 
from  the  infero-lateral  aspect  of  the  caudal  vertebrae:  it  is 
inserted  by  a  large,  broad,  and  strong  tendon  into  the  base  of  the 
trochanter  on  its  extensor  aspect.  A  little  space  before  its 
insertion  this  tendon  gives  off,  at  right  angles  to  its  lower  border, 
a  long,  thin,  and  delicate  one,  which  passes  down  the  thigh,  on 
the  inner  side  of  the  great  sciatic  nerve,  to  the  popliteal  region* 
where  it  passes  between  the  fibula  and  tibia  to  blend  with  the 
outer  part  of  the  inter-articular  fibro-cartilage  of  the  knee- 
joint. 

The  appearance  of  the  muscle  and  tendon  is  shown  in  Plate  III. 
fig.  1,  as  well  as  the  inter-articular  fibro-cartilages  of  the  knee-joint, 
which  may  be  thus  described : — The  outer  fibro-cartilage  presents 
itself  as  a  circular  disc,  concave  above,  convex  below,  in  fact  a  true 
meniscus;  the  concavity  on  the  upper  surface  is  for  the  reception 
of  the  external  condyle  of  the  femur.  To  the  posterior  part  of 
the  disc,  the  long  tendon  connected  with  the  femoro-caudal 
muscle  blends.  Attached  to  the  outer  side  of  the  meniscus  is  a 
smaller  disc,  which  is  subservient  to  the  head  of  the  fibula,  for  in 
this  form,  as  in  so  many  of  the  Sauropsida,  the  head  of  the 
fibula  plays  on  the  outer  femoral  condyle,  and  in  this  particular 
instance  a  fibro-cartilage  is  interposed,  as  in  the  case  of  the  tibia 
and  femur.  The  inner  cartilage,  which  is  firmly  connected  with 
the  oater  one  so  that  the  two  forms  a  continuous  plate  of  fibro- 
cartilage,  is  fairly  circular  in  outline,  and  presents  a  round  hole 
in  the  middle.  To  the  posterior  border  is  attached  the  semi- 
membranosus muscle,  and  two  or  three  others,  which  for  the 
most  part  have  no  representatives,  at  least  as  individual  muscles, 
in  man.  On  the  anterior  aspect,  this  fibro-cartilaginous  disc  is 
firmly  attached  to  the  capsule  of  the  joint,  thereby  differing  from 
the  corresponding  cartilages  in  man  and  mammals  generally, 
in  whom  the  semilunar  cartilages  are  not  only  distinct  from 
each  other  but  directly  attached  to  the  head  of  the  tibia,  as  well 
as  being  connected  by  the  coronary  ligaments  to  the  margin  of 
the  articular  surface  of  the  head  of  the  tibia.  The  preceding 
facts  show  indubitably,  that,  in  lizards  at  least,  the  inter-articular 
fibro-cartilages  are  the  modified  tendons  of  muscles  which  have 
become  inter-articular  during  the  modifications  the  joint  has 
passed  through  in  its  evolution ;  the  details  of  the  probable  mode 
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by  which  it  has  been  brought  about  were  detailed  in  a  previous 
paper  (in  vol  xix.  of  this  Journal,  p.  253). 

In  Iguana  it  is  very  obvious  that  other  muscles  beside  the 
semimembranosus  must  be  held  responsible  for  the  inner  fibro- 
cartilage,  and  that  the  popliteus  muscle  has  nothing  to  do  with 
the  outer  one,  for  the  muscle  in  question  arises  from  the  tibial 
aspect  of  the  head  of  the  Bbula,  and  is  inserted  into  the  posterior 
surface  of  the  upper  half  of  the  tibia.  Hence  it  is  rendered 
in  the  highest  degree  probable,  that  in  those  mammals  in  whom 
the  popliteal  tendon  becomes  attached  to  the  outer  semilunar 
fibro-cartilEige,  the  fusion  is  secondary. 

In  the  face  of  these  facts,  it  seems  to  me  that  the  following 
conclusions  are  warranted  by  the  evidence : — 

1.  The   semilunar  fibro-cartilages   of  the    knee-joint  result 

from  the  metamorphosis  of  muscles  and  tendons. 

2.  There  are  no  particular  muscles  with  which  they  can  be 

with  certainty  associated  in  mammals,  except  in  part  at 
least,  the  semimembranosus. 

The  curious  characters  of  the  long  tendon  of  the  femoro- 
caudal  incited  me  to  look  deeper  into  its  nature.  I  have  assured 
myself  of  its  existence  in  the  same  condition  as  it  is  figured 
on  Plate  III.  fig.  1,  in  Iguana  titberculaia,  Sphenodon,  Uatteria 
puTvctala,  the  Stump-tailed  Lizard,  Trachydosaunis  rttgosus,  a 
Monitor,  Monitor  niloticus,  Phrynosoma  cm^onatum,  Chamaeleon, 
Chanueleon  vulgaris,  and  several  others. 

Although  in  these  forms  the  tendon  belongs  to  the  femoro- 
caudal,  nevertheless  careful  dissection,  especially  in  Sphenodon, 
convinces  me  that  this  fusion  is  secondary.  In  Menobranchus, 
as  in  other  urodele  batracbiaus,  there  exists  a  muscular  mass  on 
the  ventral  aspect  of  the  femoro-caudal,  also  arising  from  the 
candal  vertebra,  and  blending  with  the  muscular  stratum  which 
flexes  the  pes  as  in  the  act  of  swimming.  In  the  lizards  the 
chief  portion  of  this  muscle  is  represented  by  the  tendinous 
portion  of  the  femoro-caudal.  As  lizards  are  certainly  not  in 
the  habit  of  constantly  using  their  hind-limbs  for  the  purposes 
of  swimming,  and  as  the  muscle  in  question  is  rendered  to  a 
certain  extent  inoperative  by  being  nipped  between  the  tibia  and 
femur,  I  assume  that,  being  only  of*  use  passively,  it  became 
metamorphosed  into   tendon,  the  proximal  portion  of  which 
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became  utilised  by  the  femoro-caudal,  which  formed  an  alliance 
with  it.  As  this  tendon  is  so  constant  an  element  in  the  thigh 
of  lizards,  it  was  necessary  to  trace,  if  possible,  its  subsequent 
history  in  higher  forms.  It  seems  to  me  that  this  link  is  supplied 
in  the  Crocodilia. 

In  the  thigh  of  a  young  Alligator  {Alligator  mississippiensis), 
the  following  arrangement  exists: — The  tendon,  as  shown  in  Plate 
III.  fig.  2,  arises  as  usual  from  the  femoro-caudal,  but,  instead 
of  an  insertion  into  the  inter-articular  cartilages  of  the  knee,  it 
has  acquired  an  attachment  to  the  outer  head  of  the  gastro- 
cnemius muscle.  In  higher  forms  it  entirely  disappears.  Here  we 
have  a  very  interesting  example  of  the  gradual  loss  of  a  muscle 
(due  to  change  in  the  mode  of  life  of  animals),  whose  history  we 
are  able  to  trace  from  its  original  functional  condition  in  an 
aquatic  creature,  its  tendinous  existence  in  semi-aquatic  forms, 
and  its  total  disappearance  in  those  animals  which  are  purely 
terrestrial.  Similar  instances  of  muscles  furnished  with  long 
and  thin  tendons  will  be  mentioned  further  on,  as  occurring  in 
birds  and  mammals,  but  their  history  is  not  quite  so  clear  and 
convincing  as  is  the  case  with  the  reptilian  femoro-caudal. 

TJie  Bicipital  Loop  in  the  Thigh  of  Birds, 

Let  any  one  take  the  trouble  to  dissect  the  thigh  of  a  fowl 
from  the  outer  side,  then  a  most  interesting  arrangement  of 
myological  structures  will  reward  his  labour,  but  the  one  to 
which  especial  attention  is  invited  is  the  singular  tendinous 
loop  which  transmits  the  tendon  of  the  biceps  muscle  and  a 
branch  of  the  great  sciatic  nerve. 

On  reflecting  the  skin,  the  most  superficial  muscle  is  the 
tensor  fascioR  or  gluteus  prirmcs  as  it  is  termed  by  some.  If  this 
muscle  be  turned  up,  or  removed,  the  deep  muscles  will  be 
exposed;  the  most  conspicuous  is  the  biceps,  which  has  the 
following  attachments  : — It  arises  from  the  upper  three-fourths 
of  the  post-acetabular  ridge  (a  slight  bony  elevation  which 
separates  the  post-acetabular  area  from  the  external  lateral 
surface  of  the  ischium).  Just  in  front  of  the  tensor  faciee  the 
fibres  converge  to  form  a  rounded  tendon,  which  on  the  outer 
side  of  the  popliteal  region  is  bent  sharply  downwards  by  passing 
through  a  tendinous  sling  or  loop;  it  is  inserted  nearly  half 
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way  down  the  fibula  to  a  bony  prominence  on  its  outer  side. 
The  loop  in  question  is  attached  to  the  lower  end  of  the  femur ; 
the  outer  limb  is  slightly  connected  with  the  head  of  the  gastro- 
cnemius, which  is  situated  to  its  outer  side.    A  nerve  to  the  leg 
and  footy  derived  from  the  great  sciatic,  accompanies  the  tendon 
through  this  sling  (Plate   III.  fig.  3).     This  tendonous  loop, 
studied  in  the  fowl  and  similar  birds,  is  curious  and  puzzling, 
but  I  shall  here  endeavour  to  show,  or  at  least  adduce  evidence 
in  support  of  the  view,  that  it  is  derived  from  the  metamor-. 
phosis  of  the  muscular  fibres  of  the  outer  head  of  the  gastro- 
cnemius muscle.    Before  doing  so,  however,  it  will  be  necessary 
to  state  that  the  muscle,  here  termed  biceps,  has  not  the  same 
anatomical  relationship  as  the  muscle  so  named  in  the  leg  of 
mammals,  indeed,  to  my  mind  it  is  certainly  not  homologous 
with  that  structure,  and  as  there  is  little  utility  in  discussing 
the  morphology  of  muscles  in  so  highly  specialised  a  form  as 
that  of  the  fowl,  as  compared  with  man,  I  do  not  propose  to 
waste  time  on  this  matter.     In  the  thigh  of  the  Bhea  {Rhea 
americaTui),  the  Emu  {Dromants  novece-hollandice),  Bajnpliastos 
loco,  and  in  many  other  avian  forms,  this  loop  through  which 
the  biceps  tendon  passes  is  modified  in  this  way : — ''  The  inner 
limb  is  a  tendon  of  great  strength  and  of  considerable  thickness, 
but  the  outer  limb  of  the  loop  is  constituted  by  the  muscular 
and  tendinous  fibres  of  that  head  of  the  gastrocnemius  muscle 
which  is  attached  to  the  external  femoral  condyle ;  hence  one 
half  of  the  loop  is  tendinous,  the  other  muscular  (Plate  III.  fig.  4). 
This  arrangement  clearly  affords  the  clue  by  which  we  may 
seek  to  interpret  the  origin  of  so  singular  a  pulley, /(w  clearly  it 
is  the  resuU  of  the  metamorpJums  of  muscle  fires. 

Being  fortunate  enough  to  obtain  for  anatomical  purposes  a 
good  specimen  of  Igiuina  tviercuJata,  my  first  efforts  were  at  once 
directed  towards  the  muscles  of  the  thigh. 

If  the  dissection  be  commenced  from  the  outer  side,  as  in  the 
bird,  a  prominent  muscle,  referred  to  by  Mivart  as  the  Uio- 
peroneal,  is  easily  recognised.  It  has  the  following  attachments 
and  relations: — It  arises  from  the  posterior  part  of  the  outer 
side  of  the  ilium,  covered  by  the  posterior  portion  of  the 
tendinous  origin  of  the  gluteus  maximus,and  even  a  little  over- 
lapped  by  the  gluteus  medius.    It  is  inserted  by  a  strong  tendon. 
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which  dips  between  a  muscle  called  peroneus  primns  by  Mivart, 
and  the  outer  head  of  the  gastrocnemius,  into  the  outer  side  of 
the  fibula  near  its  summit.^ 

It  will  be  necessary,  before  discussing  the  ilio-peroneal  muscle, 
to  take  into  consideration  the  muscles  named  peroneus  primus 
and  the  gastrocnemius.  The  first  muscle  arises  by  a  strong 
tendon  from  the  summit  of  the  outer  side  of  the  external 
condyle  of  the  femur.  It  becomes  tendinous  below  the  outer 
.  malleolus  ;  a  portion  of  this  expansion  gains  an  insertion  into 
the  peroneal  border  of  the  fifth  metatarsal  bone,  a  little  above  its 
middle.  On  the  posterior  aspect  of  the  ankle-joint  it  expands 
into  a  broad  ligamentous  aponeurosis,  and  joins  with  the 
expansion  of  the  gastrocnemius. 

The  gastrocnemius  consists  of  two  distinct  parts ;  one  arises 
from  the  internal  condyle  of  the  femur,  and  has  a  slight 
attachment  to  the  head  of  the  tibia  near  the  insertion  of  the 
semimembranosus  and  semitendinosus.  Passing  downwards  it 
becomes  aponeurotic  near  the  ankle-joint,  and  blends  with  a  broad 
tract  of  tissue — the  plantar  fascia.  The  second  portion  arises 
from  the  femur,  just  above  the  external  condyle ;  passing  down 
the  leg  it  becomes  aponeurotic  near  the  ankle-joint,  and  blends 
with  the  plantar  fascia. 

In  very  many  birds  the  gastrocnemius  arises  by  three  heads, 
an  inner  one  from  the  tendon  of  the  rectus,  and  cnemial  crest 
of  the  tibia ;  the  middle  head  from  between  the  condyles  of  the 
femur,  and  an  outer  one  arising  from  the  external  condyle  of 
that  bone.  Between  these  two  heads — the  middle  and  the 
external — passes  the  biceps  tendon. 

On  comparing  the  fowl's  leg  muscles  with  those  of  Iguana,  it 
becomes  evident  that  the  muscle  marked  peroneus  primus 
in  the  Iguana  is  really  the  equivalent  of  the  outer  head  of  the 
fowl's  gastrocnemius,  and  that  the  bird's  biceps  cruris  is  really 
the  representative  of  the  ilio-peroneal  of  the  Iguana;  they  agree  in 
position  and  especially  in  their  relation  to  the  great  sciatic  nerve. 
Admitting  this  to  be  so  it  will  give  us  the  steps  or  stages  by 
which  the  bicipital  sling  has  become  fashioned.  They  may  be 
briefly  summarised  as  follows :  — 

*  Mivart's  admirable  account  of  the  "  Myology  of  Iguana  tuberculaUi "  (Proc, 
Zooh  Soc.y  1867)  has  been  to  me  of  the  utmost  utility  in  my  dissections. 
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1.  In  its    original   condition    the   so-called    biceps   passed 

between  two  muscles ;  it  matters  little  whether  we  call  it 
outer  head  of  gastrocnemius  or  peroneus  primus. 

2.  The  two  muscles  tend  to   fuse  near  the  knee-joint,  and 

enclose  the  distal  end  of  the  biceps. 

3.  The  leg  becomes  bent  at  a  more  or  less  acute  angle  with  the 

thigh ;  this  leads  the  biceps  to  drag  on  the  muscle-fibres 
of  the  gastrocnemius  through  which  it  passes.  The  mus- 
cular tissue  in  relation  with  the  tendon  of  the  biceps  thus 
plays  a  passive  part,  and  becomes  metamorphosed  into 
tendon. 

4.  The  inner  head  first  separates  from  the  parent  muscle ; 

the  outer  head  may  do  so  and  form  a  complete  tendinous 
sling ;  difTerentiation  may  not  proceed  so  far,  the  outer 
head  remaining  in  many  birds  permanently  attached  to 
the  outer  portion  of  the  gastrocnemius. 
The  question  at  once  arises.  Have  the  facts  any  bearing  on 
L  the  myology  of  the  mammalian  limb  ?    My  answer  is  this.     If 

the  biceps  cruris  in  man  be  carefully  traced,  the  insertion  is  not 
by  any  means  confined  to  the  head  of  the  fibula,  but  its  fibres 
spread  into  a  broad  aponeurotic  expansion  covering  the  outer 
side  of  the  leg.  The  relative  size  of  the  biceps  in  man,  as 
Mivart  points  out,  is  much  inferior  to  its  possible  development. 
In  some  forms,  eg,,  the  Agouti  {Dasyprocta  agotUi),  the  muscle 
combines  with  the  tensor  fasciae  and  gluteus  maximus  to  form 
an  almost  continuous  sheet  of  muscle,  extending  from  the  pelvis 
over  the  outer  side  of  the  leg  to  the  ankle-joint.  I  was  very 
much  interested  in  the  biceps  of  a  Ehinoceros,  in  whom  the 
muscle,  after  being  inserted  into  the  fibula,  was  prolonged  by 
means  of  an  enormously  thick  and  broad  tendon  to  the  ankle- 
joint.  This  and  similar  facts  induces  me  to  venture  the  follow- 
ing explanation.  The  muscle  in  Iguana  called  peroneus  primus, 
that  in  birds  known  as  outer  head  of  gastrocnemius,  the  broad 
muscular  expansion  in  the  Agouti,  the  enormous  tendon  of  the 
Bhinoceros,  and  the  broad  fibrous  expansion  in  man,  must  all 
be  regarded  morphologically  as  one  and  the  same  structure. 

If  one  compare  the  limbs  of  a  lizard  or  a  bird  with  that  of 

man  or  any  of  the  higher  mammals,  he  will  be  struck  with  the 

^  fact  that  in  the  latter  forms  the  muscles  are  invested  by  strong 
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aponeuroses  known  as  the  deep  fascia,  and  separated  one  from 
the  other  by  fibrous  intermuscular  septa.  Not  so  in  the 
Sauropsida  (Birds,  Lizards,  Crocodiles). 

Careful  inquiry,  by  means  of  dissection,  will  force  an 
impartial  worker,  in  the  end,  to  the  conclusion  that  the  deep 
fascise  and  the  intermuscular  septa  are  in  reality  the  result  of 
the  metamorphosis  and  regression  of  muscular  tissue,  at  least  so 
far  as  the  fore  and  hind-limbs  of  most  mammals  are  concerned. 

Other  loops  for  the  transmission  of  the  tendons  of  muscles 
are  not  unknown,  for  example,  the  pulley  which  transmits  the 
tendon  of  the  superior  oblique  muscle  in  the  orbit  of  man;  and 
the  loop  which  holds  down  the  tendon  of  the  extensor  longus 
digitorum  muscle  in  the  foot  of  many  mammals  and  birds. 
These  will  be  considered  subsequently ;  but  the  only  tendinous 
sling  which  in  any  way  approaches  the  bird's  bicipital  loop,  is 
one  attached  to  the  scapula  of  a  few  birds,  and  which  transmits 
the  tendons  of  the  latissimus  dorsi  muscle.  It  is  represented  in 
the  elaborate  memoir,  "On  the  Anatomy  of  the  SpheniscidsB," 
by  Prof.  Morrison  Watson  {Challenger  Reports,  part  xviiL 
plate  x.  fig.  4,  vol.  xviL).  In  the  Penguins  the  latissimus 
dorsi  muscle  consists  of  two  distinct  portions,  which  end  in  two 
tendons,  and  are  slung  up  to  the  neck  of  the  scapula  by  a  fibrous 
pulley.  Having  recently  had  an  opportunity  of  dissecting  a 
Black-footed  Penguin  {Spheniscus  demersvs),  I  feel  convinced  that 
this  loop  maybe  regarded  as  metamorphosed  fibres  of  the  deltoid 
muscle. 

The  great  point  of  interest  in  connection  with  the  bicipital 
loop  is  the  fact  that  it  is  an  exclusively  avian  character,  at  least 
so  far  as  recent  forms  are  concerned,  and  that  with  very  few 
exceptions,  among  them  the  Steganopod  (Phcethon),  no  known 
bird  lacks  the  bicipital  sling. 

Before  leaving  birds  it  may  be  interesting  to  briefly  note  one 
or  two  special  features  in  relation  to  the  wing,  which  will  go  to 
strengthen  the  view  of  the  metamorphosis  of  muscles  into 
tendons. 

Allusion  has  been  made  in  a  previous  paper  ^  to  the 
interesting  and  extreme  examples  of  muscular  degradation 
presented  in  the  fore-arm  and  manus  of  the  various  species  of 

^  This  Journal,  vol.  xyiii.  p^  235. 
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Fid.  1. — ITiree  figures  to  show  degeneration  of  mosclea  in  the  manua  of  the 
Porpoise  and  the  wins  of  a  Penguin,  The  lower  wing  ia  Tor  compnrison. 
H.,  hamem  ;  F.T.,  fibrous  tisane  ;  T,.  triceps  ;  F.P.D.,  Hex,  prof,  digito- 
rum;  F.3.D.,  flexor  BublimUdigitoniln  ;  F.C.U.,  flexor  carpi  ulnsria  ;  t!p., 
tensor  pstagii ;  KC.,  ezpansor  sscRmduiorum ;  F.M.,  fleiOT  muscles. 
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Cetacea,  especially  the  Narwhal  (Monodon  monoceros),  and  the 
Porpoise  (fig.  1).  The  wings  of  Penguins  afford  good  instances  of 
a  similar  process. 

If  Prof.  Morrison  Watson's  elaborate  "  Report  on  the  Sphenis- 
cidse  "  collected  by  H.M.S.  *  Challenger,"  be  referred  to,  it  will  be 
readily  seen  that  the  flexor  profundus,  flexor  sublimis  digitorum, 
and  flexor  carpi  ulnaris  muscles  are  represented  by  strands  of 
fibrous  tissue,  whilst  in  those  muscles  of  the  fore-arm  which  are 
represented  by  contractile  tissue  it  is  so  small  in  amount, 
that  the  structures  in  question  are  hardly  worthy  the  name  of 
muscles  when  compared  with  the  fore-limb  of  the  flying  bird 
(&g.  8).  It  affords  an  admirable  example  of  the  wings  used  as 
paddles  losing  their  intrinsic  muscles  and  becoming  like  unto  the 
fore-limbs  of  a  Porpoise. 

The   wing  represented   in  fig.  3  is  intended  principally  to 
show  the  usual  condition  of  muscles  in  birds,  so  as  to  offer 
favoumble  comparison   with    the  Penguin's   wing.     It  shows, 
however,  a  peculiarity  worth  pointing  out ;  for  instance,  in  this 
bird,  as  in  one  or  two  others  I  have  examined  with  regard  to 
this  matter,  the  flexor  carpi  ulnaris  muscle  is  not  present  as  a 
muscle,  but  as  a  thick,  strong,  and  elastic  tendon  (F.C.U.).     Thus 
whilst  it  illustrates  the  amount  of  degradation  in  the  Penguin's 
wing,  it  bears  amongst  its  muscles  an   early  example  of  that 
process.    This  condition  is  seen  in  the  wing  of  the  Secretary 
Vulture,  the  Rail  (Rallus  aqiuiticiis),  Razor  Bill  (Alca  icrda), 
and  others.     Whilst  dealing  with  the  bird's  wing,  there  is  one 
other  muscle  worthy   of  mention.    Every  student   of  human 
anatomy  must  have  experienced  a  certain  amount  of  curiosity 
when  he  dissects  for  the  first  time  the  plantaris  muscle ;  this 
strange  structure  sinks  into  insignificance  when  compared  with 
the  celebrated  ambiens  of  the  bird's  leg,  or  the  tendon  of  the 
femoro-caudal  in  the  Lacertilia.     Of  all  strange  muscles,  the  one 
known  as  the  expansor  secundariorum  muscle  in  the  bird's  wing 
stands  pre-eminent  (Plate  III.  fig.  5).     It  is  a  small  triangular 
muscle  arising  from  the  quills  of  the  last  few  secondary  remiges 
at  the  elbow.     Its  remarkably  long  and  slender  tendon,  which 
frequently  traverses  a  fibrous  pulley  on  the  axillary  margin  of 
the  teres  muscle,  runs  up  the  arm  side  by  side  with  the  axillary 
vessels  and  nerves,  to  be  inserted  in  the  thorax  into  the  middle 
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of  a  tendon  which  runs  from  the  inner  side  of  the  middle  of  the 
scapular  element  of  the  scapulo-coracoid  articulafcion,  to  near  the 
middle  of  the  thoracic  border  of  the  sterno-coracoid  articulation, 
at  right  angles  to  it  when  the  fore-limb  is  extended. 

In  the  ducks  and  geese  among  the  Auseres  the  tendons  under 
consideration,  when  they  enter  the  thorax,  run  towards  one 
another  and  join,  after  having  expanded  out,  in  the  middle  line 
in  front  of  the  oesophagus,  and  behind  the  trachea. 

Not  the  least  interesting  feature  in  this  muscle  is  the  import- 
ance Garrod  attached  to  it  for  the  aid  it  afforded  him  in  his 
Classification  of  Birds.  For  all  that  relates  to  this  extra- 
ordinary muscle,  I  must  refer  the  reader  to  Garrod's  memoirs  : — 
"On  the  Anatomy  of  Chauna  derbiana"  (Froc.  ZooL  Soc.,  1876), 
"  The  Anatomy  of  Passerine  Birds"  (iWrf.,  1874, 1877,  and  1878), 
and  to  the  volume  of  his  Collected  Scientific  Papers,  1881. 

The  GlenO'Hunieral  Ligament 

In  this  Journal  (vol.  xi:^.  page  32)  I  made  an  attempt  to 
prove  that  the  gleno-humeral  band  or  ligament,  present  in  the 
shoulder-joint  of  man,  may  be  regarded  as  the  divorced  tendon 
of  the  subclavius  muscla  Certain  facts  and  arguments  were  set 
forth  in  support  of  this  view.  Since  that  time  no  opportunity 
has  been  lost  of  testing  the  point,  and  at  the  presept  time  I  feel 
more  convinced  that  it  is  true,  niy  dissections  having  extended 
over  a  very  wide  range  of  animal  forms. 

When  I  first  took  up  the  subject  the  only  gleno-humeral 
band  known  to  me,  besides  that  pf  man,  was  the  structure  so 
commonly  referred  to  as  "  the  ligamentum  teres  in  the  shoulder- 
joint  of  the  frog."  It  seemed  to  me  that,  if  the  view  as  to  the 
origin  of  this  curious  band  were  the  correct  one,  a  gleno-humeral 
ligament  ought  to  be  present  with  tolerable  frequency,  especially 
as  the  subclavius  muscle  is  so  constant  in  mammals  and  in 
other  forms  above  the  fishes.  To  this  end  I  have  examined 
every  available  animal  that  has  come  under  observation  for  the 
past  year.  When  writing  the  second  part  of  these  papers  I  was 
able  to  make  allusion  to  five  mammals,  in  whom  a  perfect 
ligament  existed  in  the  shoulder-joint ;  in  the  third  part  I  was 
able  to  add  seven  mammals  to  the  list,  and  at  the  present  date 

VOL.  XX.  D 
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the  list  hasgrowD  bo  large  that  it  will  be  possible  to  make  a  few 
general  statementB  concerning  it. 

Hoping  that  other  anatomistB  may  be  induced  to  look  into 
the  matter,  a  list  is  appended  of  those  forma  in  whom  I  have 
found  the  ligament,  not  as  a  mere  thread  or  thickened  piece  of 
capsule,  but  as  a  strong  discrete  ligament,  often  rivalling  the 
long  tendon  of  the  biceps  in  size,  and  presenting  itself  inside  the 
joint  as  freely  as  the  ligamentum  teres  in  the  cotyloid  cavity. 


The  accompanying  woodcut  (fig.  2)  shows  the  gleno-humeral 
ligament  in  its  usual  condition,  and  as  such  it  existed  In  all  the 
forms  enumerated  in  the  accompanying  list : — 

■  QuADRrMANA. — Oercupitliecm  cynomirua,  8  ; '  C.  Ifdatidii,  7  ;  C. 
eallitriclLus,  2.  MiKOcm  mnicvs,  20;  M.  cynomologus,  10;  M. 
nenieslrimie,  6.  Theropitliecus  gelada.  Cynocphalus  kamadryas ; 
Cij-n.  anabis,  2.  Chri/guthrix  tciurea,  5.  Celma  faiudlus;  Ceb. 
capuciuus,  3  ;  Ceb.  albifrons.  Aieles  panuscue ;  A.  ater,  2.  Hapale 
jacchus,  i ;  H.  penicillala,  2.  Cercocebua  albigena  (in  this  epecies  the 
ligament  is  thin). 

Leuukid£. — Lemur  cattn,  3.  Oalago  alleni,  3 ;  O.  maholi,  2, 
Perodicticue  polio,  2.  Chirogaleua  eoquereli.  Microcebas  emithi. 
In  Chiromijs  madagascarensis  it  was  present  but  very  thin.  The 
ligftment  is  absent  in  Gulenpitkeots  and  Ni/cttcebiu  tardiyradm. 

Inskctivora. — Talpa  europea,  3.  EriiMeeus  europceus.  Tjipaia 
peguana,  2.  CetUetes  madagascaretms.  Microgale  longicauda.  Sorex 
vulgaris. 

EoDBNTiA, — Pteromye    magnificu».     Arctomye    monax.      Cynomyg 

'  The  figure  altrays  rafers  to  the  number  of  specimeua  examined  in  re|;ard  to 
this  p&rticular  questioa. 
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htdovicianuSy  3.  Castor  canadensis,  8.  Myoxus  glis;  M,  dryas.  Fiber 
zibathicus.  Dipits  cegypticus  ;  D.  hirtipes,  Myt/potamus  coypiis,  6. 
Hystrix  cristatcL  Erithnzon  dorsatus,  Sphingunis  preheimlis.  Coelo- 
genys  paca.  Dasyprocia  agouti.  Sciurus  kypr/pyrrhus.  JCerus 
getidus.  Sciuropterus  fimbriatus,  GerbiUus  indicus.  Cricetomys 
gambianus.  Mits  barbaitis,  Bhizoniys  badiits,  Octodon  cumingi. 
Cerodon  rtipestris.  Arvicola  amphibius,  Mus  musctUus;  Mas  decu- 
mamts,     Lepus  cuuiculus. 

In  some  rodents  the  ligament  is  very  large,  and  occupies  a 
groove  in  the  cartilage  covering  the  head  of  the  humerus. 

Marsupialia. — Didelphys  ca7icrivora ;  D.  virginianay  2 ;  D,  ojtos- 
sum;  D.  philander y  2 \  D.viverrina.  Phalangista  vidpina,  3.  Hypsi- 
pryninus  gaimardi,  Phascolomys  wombat.  Cuscus  macidatus,  2, 
Belideus  bremceps. 

Edentata. — Chlamydophorus  fruncatus. 

The  gleno-humeral  ligament  is  absent  in  the  mammals 
mentioned  in  the  lists  which  follow,  but  in  many  a  thickened 
band  was  detected  in  the  capsule  which  may  have  represented  it. 

QuADBUMANA. — Chimpanzee  {Anthropopitheeus  troglodytes)^  .  3. 
Orang-outang  {Simia  satyrus),  2.  Gibbon  (Hylobates  leuciscvs\  2. 
Macacus  inuus  (in  this  form  a  thick  band  may  be  seen  in  the  capsule). 

Chiroptera. — Ptei'opiis  poliocepkalus,  Desmodns  ru/ous.  Plecotus 
auritus. 

Htbaces. — Hyrax  captnsisy  2. 

I  dissected  a  Hyrax  within  a  few  days  of  examining  the  joints 
of  a  Bhinoceros,  and  the  similarity  of  the  hip-joint  in  the  two 
forms  was  very  striking.  The  Hyrax,  like  the  Ehinoceros,  has 
no  ligamentum  teres  in  the  hip-joint.  This  seems  to  have  been 
overlooked  by  previous  observers. 

Ungulata. — Rhinoceros  {Rhinoceros  sumatrensis).  Tapirus  ameri- 
cantis.  Equns.  Bos  taurus;  B.  indictis.  Oreas  canna.  Llama 
huanacos ;  L.  peruana,  Sus  scrofa.  Poixula  salvania.  Babirvssa 
alfnrus.  Strepsiceros  kudee.  Capra  hircus.  Ovis  aries  i  0,  hland- 
fordi\  0.  burrhd.  Moschus  moschifems,  Tragidus,  species  incerta. 
Hydrnpotes  inermis,     Muntjae  sclateri,     Ht]yp(jpotamus  amphibius. 

Cetacba. — Phoccena  communis. 

Carnivora. — Felisleo;  F.tigiris.  Cams  familiaris.  Herpestes  ich- 
neumon ;  H.  griseus.  Lyceum  pictus.  Lutra  vulgaris.  Nasua  ru/a, 
Phoea  vitulina.  JSnhydra  marina,  2.  The  Common  Cat.  Felis 
javanensiSy  2. 

Very  many  other  species  of  Carnivora  and  Ungulata  have 
been  examined  with  a  negative  result,  but  at  first  I  did  not 
make  note  of  these  cases,  therefore,  the  species  cannot  be  indi- 
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cated  individually.  This  defect  I  hope  soon  to  remedy,  especially 
as  the  two  groups  are  abundantly  represented  in  the  Zoological 
Society's  menagerie. 

Although  in  most  of  the  Carnivora  the  gleno-huraeral  ligament 
is  absent,  yet  it  turns  up  in  that  singular  form  the  Two-spotted 
Paradoxure  {Nandinia  binotatta);  it  is  also  present  in  the  Hima- 
layan Bear  (Jlrsus  tibetaniis). 

Edentata. — Bradypus  tridactylus,  3.  Tatusia  peha ;  T,  hyhrida  ; 
T.  sexcindus;  T,  villosus,  Myrmecophaga  jubata,  2.  Tamandua 
teirmlcu^yla,  2.     Mania  didactyla,  2.     Orycteropus  capensis. 

In  the  two  specimens  of  the  Pangolin  {Manis  didactyla)  the 
hip-joint  lacked  a  ligamentum  teres. 

Mabsupialia. — Perameles  lagotis.  Phascolarctos  cinereus,  3. 
Macropus  nifus ;  Jd,  giganticu8\  M.mdanops,  Halmaturua  hennettii  ; 
H,  ualabatits :  H.  derhianus. 

MoNOTREMATA. — IJchidna  hystrix.     Omithorhynchus  paradoxic. 

The  following  animals  do  not  possess  a  ligamentum  teres 
in  the  hip-joint: — the  Seal,  Elephant,  Rhinoceros,  "Walrus, 
Omithorhynchus,  Echidna,  Sea-otter  {Enhydra  niarina)  (of  this 
form  I  have  had  the  good  fortune  to  dissect  the  joints  in  two 
specimens).  Sloth,  Orang,  Walrus,  Hyrax,  and  Pangolin} 

Lastly,  the  following  rules  may  be  of  interest: — 

1.  Every  mammal  in  whom  I  have  up  to  the  present  found 

a  gleno-humeral  ligament  likewise  possesses  a  ligamen- 
tum teres  in  the  hip, 

2.  Those  mamn^als  in  whom  a  ligamentum  teres  is  absent  in 

the  hip  also  lack  a  gleno-humeral  band. 

3.  Those  forms  in  whom  the  gleno-humeral  is  well  developed, 

the  ligamentuni  teres  in  the  hip  is  also  very  thick  and 

strong. 
The  reasons  for  regarding  the  gleno-humeral  ligament  (or 
gleno-humeral  band  when  it  merely  appears  as  a  thickening 
in   the  capsule)   as  the    divorced   tendon  of    the  subclavius 
muscle  may  be  briefly  enumerated. 

^  The  mammals  whose  names  occur  in  the  lists  came  under  observation  at  the 
Zoological  Society's  Gardens, — most  of  them  recent,  others  preserved  in  the 
Prosector's  room, — and  I  am  indebted  to  Mr  F.  E.  Beddard  for  opportunities 
of  examining  them.  A  few  others  are  from  the  stores  of  the  Boyal  College  of 
Surgeons,  London.  See  **  On  Ligamentum  Teres"  VLr  Savory's  paper  in  Jattr.  of 
AncU.  and  Phys.  vol.  viii.  p.  291. 
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1.  All   Amphibians  which  possess  the    equivalent  of    the 

Bubclavius — the  epicaraco-humeral  of  Mivart — ^in  a  well- 
developed  form,  lack  the  gleno-humeral  ligament 

2.  Birds  in  whom  the  subclavius  muscle,  under  the  name  of 

levator  humeri,  reaches  its  maximum  of  development, 
passes  through  the  shoulder-joint  as  a  tendon  to  be 
inserted  into  the  humerus,  no  gleno-humeral  ligament 
exists. 

3.  In  mammals  the  subclavius  is  a  very  constant  muscle, 

and  a  gleno-humeral  ligament  exists  in  a  very  large 
number  of  them ;  when  not  represented  as  a  free  liga- 
ment it  may  often  be  detected  blended  with  the  capsule 
of  the  shoulder-joint,  but  lying  between  it  and  the  syn- 
ovial membrane. 

Certain  LigameTUs  of  the  Wrist  and  Carpus, 

As  our  mother  earth  receives  alike  the  remains  of  kings, 
philosophers,  and  peasants,  so  Nature  buries  in  fibrous  tissue 
structures  which  were  in  histological  rank  far  superior  to  the 
ligamentous  tissue  which  now  hides  them,  so  disguising  their 
former  nature  and  true  significance  that  they  become  reduced  to 
the  level  of  structures  whose  duty  is  menial  indeed. 

Morphological  problems  of  the  greatest  interest  may  centre 
around  a  single  band  of  fibrous  tissue,  whilst  in  the  immediate 
neighbourhood  ligaments  abound  of  functional  value,  but  of 
no  interest  to  the  morphologist. 

The  ligaments  of  the  wrist  and  carpal-joint  are  excellent 
witnesses  as  to  the  truth  of  this  statement.  The  drawing  (Plate 
III.  fig  6)  shows  the  appearance  of  the  carpus  and  wrist  of 
man  in  frontal  section. 

The  ligament,  dignified  with  an  asterisk,  passing  from  the 
angle  of  the  scaphoid  to  the  os  magnum  is  only  of  ocx^asional 
occurrence,  and  deemed  so  insignificant  that  very  few  textTbooks 
of  anatomy  deign  to  consider  or  figure  the  little  band. 

For  a  clear  understanding  of  the  true  meaning  of  this  liga- 
ment we  must  descend  to  that  most  generalised  form  of  carpus, 
or  typical  carpus, — ^that  presented  by  the  Water  Tortoise  {Chelydra 
serpentina), — as  seen  in  Gegenbaur's  well-known  figure.  The 
carpus  consists  of  two  principal  rows,  a  proximal  containing 
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three  bones,  a  radiale,  os  intermedium,  and  ulnare ;  the  distal 
row  is  made  up  of  five  bones,  called  ca.rjpalia,  and  numbered 
respectively  1,  2,  3,  4,  and  5,  commencing  from  the  radial  side. 
Wedged  between  the  two  rows  is  a  single  bone, — the  os  centrale. 

This  "os  centrale"  exists  in  the  carpus  of  a  very  great  number 
of  animal  forms;  it  occurs  in  Amphibia,  Reptilia,  and  Mammalia, 
even  persisting  as  a  normal  element  in  the  carpus  of  the  Orang 
and  Gibbon. 

The  bone  attracted  considerable  attention  when  Henke, 
Reyher,  and  Rosenberg  drew  attention  to  its  temporary  existence 
in  the  human  carpus.  Rosenberg  showed  that  the  os  centrale 
may  be  detected  as  a  cartilage  nodule  in  the  carpus  of  a  human 
embryo  at  the  second  month  of  intra-uterine  life;  it  is  well 
marked  during  the  third,  but  disappears  during  the  fourth  month 
of  embryonic  life.  The  matter  has  become  additionally  interest- 
ing from  the  fact  that  Professors  Wenzel  Gruber^  and  Turner* 
have  placed  on  record  instances  of  the  occurrence  of  the  os 
centrale  in  the  carpus  of  adult  human  individuals.  Being 
greatly  interested  in  the  question,  I  examined  by  dissection,  and 
by  means  of  sections  prepared  for  the  microscope,  a  very  large 
number  of  foetal  hands.  The  existence  of  the  rudimentary 
cartilage  in  the  position  of  the  os  centrale,  as  described  by 
Rosenberg  and  Eblliker,  admits  of  no  doubt  whatever,  and  I 
have  come  to  the  conclusion  that  the  ligament,  indicated  by  the 
asterisk  in  Plate  III.  fig.  6,  is  the  remains  of  that  cartilage 
nodule,  for  whenever  the  cartilage  nodule  representing  the  os 
centrale  is  present  the  ligament  cannot  be  detected,  but  in 
many  cases,  by  no  means  in  all,  the  spot  previously  occupied  by 
the  cartilage  is  filled  up  by  fibrous  tissue,  which  may  persist 
through  life,  but  in  the  largest  number  of  instances  disappears 
entirely. 

Professor  Leboucq  of  Gand  published  a  paper  in  the  Arch,  de 
Biologie,  torn,  v.,  1884,  entitled  "  Recherches  sur  la  Morphologie 
du  Carpe  chez  les  Mammiferes,"  which  contains  a  detailed 
account  of  an  investigation  into  the  development  of  the  carpus. 
Sixty-eight  hands,  furnished  by  forty-five  foetuses,  were  examined, 

^  Wenzel  Grubcr,  Archiv.  Anat.  Phys.^  1869,  p.  331 ;  also,  BeobachL  cms  der 
Mensch,  und  Vergleich  AnatomUy  Heft  iv.,  Berlin,  1883. 
'  Turner,  Jour,  of  Anal,  awi  Phys.,  vol.  xvii.  p.  246. 
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varying  in  age  from  the  secoud  to  the  fifth  moDth  of  intra- 
nterine  I  if  a  This  anatomist  comes  to  the  conclusion  that  the  os 
centrale  of  the  carpus  does  not  atrophy,  as  Eosenberg  has  stated, 
but  fuses  with  the  scaphoid.  Leboucq  had  previously  expressed 
a  similar  view,  in  a  paper  published  in  the  Bull,  de  VAcad. 
roycUe  des  Sciences  de  Belgique,  3*  series,  t.  iv.,  No.  8,  1882. 

There  can  be  no  doubt  of  the  temporary  existence  of  an  os 
centrale  in  early  foetal  life,  but  opinions  are  divided  as  to  its 
fate ;  probably  it  is  liable  to  considerable  variation  in  this  respect 

The  triangular  fibro-cartilage  of  the  wrist-joint  has  been  made 
the  subject  of    some  interesting    investigations  by  Professor 
Leboucq,  also  contained  in  the  paper  "  On  the  Morphology  of  the 
Carpus"  before  referred  to.   This  observer  finds  that  in  the  human 
foetus,  from  the  third  to  the  fourth  month,  there  exists  in  this 
structure  a  small  elliptical  cartilaginous  nodule,  which  at  this 
period  of  development  is  in  close  relation  with  the  pisiform  bone. 
Until  quite  recently  it  has  been  customary  to  regard  the  pisiform 
as  a  sesamoid  bone  developed  in  the  tendon  of  the  flexor  carpi 
ulnaris  muscle.     Becently,  owing  mainly  to  the  comparative 
researches  of  Gegenbaur  and  Wiedersheim,  doubts  have  been 
thrown  over  this  view  of  its  nature.     According  to  Leboucq,  the 
cartilage  for  the  pisiform  appears  before  the  tendon  of  the  flexor 
carpi  ulnaris,  therefore  it  cannot  be  a  sesamoid.    He  then  points 
out  that  the  mode  of  development  of  the  inter^rticular  fibro- 
cartilage  and  the  pisiform  ossicle  induce  him  to  believe  that 
these  two  structures  are  part  of  a  complex  apparatus,  of  which 
the  pisiform  bone  is  a  separate  portion.     Leboucq  also  figures 
the  carpus  of  a  Gibbon  (Hylobates  kudscus)  preserved  in  the 
Museum  of  the  University  of  Gand,  in  which  there  is  a  cartilage 
nodule  occupying  the  position  of  the  inter-articular  fibro-cartilage 
and  articulating  by  its  distal  end  with  the  pisiform  bone ;  this 
inter-articular   nodule   he   believes    represents  the  temporary 
cartilage  nodule  in  the  human  foetus.    The  temporary  existence 
of  this  cartilage  is  a  fact  of  considerable  interest,  but  whether  it 
justifies   the  remarkable  explanations  contained   in  Leboucq's 
paper,  requires  further  investigation,  but  it  justifies  its  intro- 
duction here  in  connection  with  the  subject  of  the  nature  of 
ligaments. 
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The  Anterior  Annular  Ligaments  of  the  Ankle-Joint. 

Finding  that  so  many  of  the  ligaments  of  the  human  body 
had  yielded  interesting  results  to  my  cross- questioning,  I  made 
an  endeavour  to  ascertain,  if  possible,  the  nature  of  the  anterior 
annular  ligaments  of  the  ankle-joint.  Although  my  labour  has 
not  enabled  me  to  see,  in  the  clearest  light,  the  true  meaning  of 
these  structures,  nevertheless  the  results  are  in  no  small  degree 
interesting,  and  are  worth  detailing. 

The  first  fact  which  strikes  one,  on  looking  carefully  into 
the  arrangement  of  the  annular  ligaments,  is  that  the  upper 
and  lower  ligament,  frequently  described  as  parts  of  one  struc- 
ture, are  really  quite  distinct  the  one  from  the  other.  This  will 
be  readily  seen  on  looking  into  the  anatomy  of  the  parts  as 
exhibited  in  the  Cebine  Monkey  (Cebtis  albifrmis),  where  they 
present  the  most  generalised  mammalian  condition. 

It  is  necessary  to  caution  the  reader  against  accepting  the 
exceedingly  loose  and  unsatisfactory  descriptions  of  these  liga- 
ments current  in  moat  of  the  anatomical  text-books.  The 
figures  are  as  grotesque  as  the  descriptions  when  compared  with 
the  dissected  parts.  The  best  account  is  afforded  by  Quain's 
Anatojny^  9th  edition. 

The  following  account  will  answer  for  man,  with  one  slight 
exception,  which  will  be  noted  in  due  course : — 

In  the  majority  of  Primates,  as  in  Celms  alhifroiu,  which  is 
chosen  for  description,  the  superior  anterior  annular  ligament  is 
a  broad  strong  band  of  fibrous  tissue,  passing  anteriorly  to  the 
extensor  tendons,  and  attached  on  either  side  to  the  margins  of 
the  tibia  and  fibula,  as  shown  in  Plate  III.  fig.  7.  The  tibialis 
anticus  muscle  is  not  provided  with  so  distinct  a  tunnel  in  the 
ligament  as  is  the  case  in  man. 

The  inferior  ligament  is  really  a  fibrous  loop  attached  to  the 
OS  calcis  by  its  two  extremities,  which  are  in  contact  where 
they  arise  from  the  bone,  so  that  they  form  an  exceedingly 
narrow  loop,  which  just  admits  of  the  passage  of  the  extensor 
longus  digitorum  tendon,  as  shown  in  the  figure;  from  the 
inner  limb  of  the  pulley  a  fibrous  cord  passes  beneath  the 
extensor  proprius  hallucis  and  tibialis  anticus  muscles,  to  be 
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attached  to  the  internal  malleolus,  blending  with  the  tibial 
attachment  of  the  superior  ligament  as  shown  in  fig.  3. 

By  stadying  the  relations  of  this  structure  in  a  large  number 
of  mammalian  forms,  it  turns  out  that  the  loop  which  encircles 
the  extensor  longus  digitorum  is  the  essential  portion  of  the 
ligament,  but  that  the  fibrous  cord  passing  to  the  internal 
malleolus  is  entirely  secondary,  and  exhibits  extreme  vagary 
in  the  way  it  disports  itself  with  regard  to  the  extensor  ballucis 
and  tibialis  anticus  muscles. 


Fig.  3. — ^The  inferior  anterior  annular  ligament  of  the  ankle-joint  of  a  Monkey. 

F.L.D.,  extensor  longus  digitonun  muscle. 

I  find  it  impossible  to  deal  satisfactorily  with  the  annular 
ligament  of  the  ankle-joint,  without  taking  into  consideration 
the  condition  these  ligaments  present  in  birds,  and  as  the  inquiry 
has  led  me  deeply  into  the  subject  of  the  development  of  the 
tarsus  in  the  feathered  tribe,  and  certain  facts  of  some  interest 
have  come  under  notice,  it  will  be  necessary  to  go  systematically 
into  the  matter. 

The  Avian  Tarsiis  and  Annular  Liganunts. 

The  tibia,  or  more  correctly  the  tibio-tarsus,  of  a  bird  is  a  bone 
very  characteristic  of  this  class.  It  is  a  cylindical  bone,  usually 
about  half  as  long  again  as  the  femur.  The  proximal  extremity 
presents  two  somewhat  concave  articular  surfaces  for  the  femoral 
condyles;  in  front  it  is  produced  into  a  prominent  cnemial  crest 
or  process,  which  in  a  few  cases  (Struthio  and  £hea)  is  ossified  as 
an  epiphysis.  In  the  Dinosauria  this  process  may  be  variously 
subdivided.  The  distal  end  of  the  bone  is  terminated  by  a 
trochlear  or  pulley-like  articular  surface.  Not  unfrequently 
there  is  an  oblique  bar  of  bone  on  the  anterior  face,  just  above 
the  trochlea ;  this  osseous  loop  transmits  some  of  the  extensor 
tendons  (fig.  4).    The  true  composition  of  this  bone  will  be 
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considered  when  treating  of  its  development.  The  fibula  of 
birds  is  usually  imperfect,  and  presents  itself  as  a  slender 
osseous  rod  attached  to  the  outer  side  of  the  tibio-tarsus.  Its 
proximal  end  articulates  with  the  outer  condyle  of  the  femur 
being  received  in  the  fibular  fossa;  the  distal  end  gradually 
undergoes  diminution  and  fuses  with  the  tibio-tarsus.  Although 
as  a  rule  the  fibula  is  shorter  in  the  aduU  bird  than  the  tibia, 
yet  it  may  be  of  the  same  length  as  in  some  of  the  Penguins. 


Fio.  4. — ^The  tibia  and  fibula  of  an  Eagle,  to  show  the  small  size  of  the  fibnla. 
L,  the  osseous  loop  for  the  extensor  longus  digitorum. 

The  segment  beyond  the  tibio-tarsus  is  a  compound  of  certain 
bones  of  the  tarsus  and  the  metatarsus,  hence  it  may  be  correctly 
referred  to  as  the  tarso-metatarsus ;  the  various  metatarsals  which 
compose  it  fuse  together  to  form  a  single  bone. 

As  the  proximal  part  of  the  tarsus  becomes  confluent  with  the 
tibia,  and  the  distal  portion  fuses  with  the  metatarsus,  it  thus 
comes  about  that  the  joint  between  the  tibio-tarsus  and  the  tarso- 
metatarsus  is  in  fact  a  mesotarsal  articulation  really  corre- 
sponding to  the  medio-tarsal  joint  of  man,  which  exists  between 
the  OS  calcis  and  astragalus  as  its  proximal  elements,  and  the 
scaphoid  and  cuboid  bones  as  the  distal  bones. 

The  above  statements  are  warranted  by  an  appeal  to  the 
development  of  the  parts  in  birds.  Gegenbaur  ( Untersuckungen  zur 
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Verffleichenden  Anatomie  der  Wirbelthiere,  Erstes  Heft,  "  Carpas 
and  Tarsns  ")  proved  that  the  distal  end  of  the  tibia,  which  in  the 
youDg  bird  is  separated  from  the  main  bone  by  a  suture,  is  not  an 
epiphysi3,for  tbecartilage  in  which  it  ossifiea  is  separate;  thisiodi- 
viduality  id  the  cartilaginous  state  distinguisbes  it  as  an  element, 
an  epiphysis  being  a  distinct  OBsi£catiou  ia  a  continuous  cartilage. 


Fio.  6.— The  leg  ofaCliietst  the  finh  day  of  incubation.  The  leg  of  >  Chick  at 
the  eighUi  daj  of  incubation  (after  Johnson).  Fe.,  femur;  T.,  tibia;  F., 
fibula;  A.,  Butragslas  (tibials);  C,  08  caloia  (Ebnlore);  Tt,  taraalia.  The 
nmnerali  refer  to  the  digits. 

In  order  that  the  true  nature  of  the  parts  sball  be  correctly 
comprehended,  it  will  be  safer  to  give  in  brief  outline  the  develop- 
ment of  the  bird's  leg,  which  has  been  worked  out  by  Gegenbaur, 
Rosenberg,  Baar,  and  Miss  Johnson.' 

' "  Derelopmeot  of  the  Pelric  Girdle  in  the  Chick,"  Quart.  Jour.  Mic  Scienet, 
vol.  xziil.  (This  paper  contuaa  namerouB  nferenc«a  to  the  literatnre  of  the 
mttiMt.) 
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In  the  limb  of  a  chick,  five  days  old,  the  tissue  is  condensed 
axially  into  a  single  mass,  and  the  skeleton  of  the  limb  is  pro- 
duced by  the  subsequent  elongation  and  segmentation  of  the  mass. 

On  the  sixth  day  the  limbs  present  the  condition  represented 
in  fig.  5.  All  the  chief  elements  may  be  recognised,  though  they 
are  completely  continuous.  The  tarsus  is  continuous  with  the 
tibia  and  fibula  above  and  with  the  metatarsals  below.  Five 
metatarsals  are  present. 

At  the  eighth  day  all  the  elements  of  the  tarsus  are  at  their  most 
distinct  and  independent  stage,  though  they  are  still  united  with 
one  another,  with  the  tibia  and  fibula,  and  with  the  metatarsals, 
by  the  condensed  tissue  of  the  groundwork  of  the  tarsus  (fig.  5). 

Later,  the  distal  and  proximal  parts  of  the  tarsus  become 
separated,  and  the  two  proximal  elements  fuse  together.  Next, 
the  proximal  parts  fuse  with  the  tibia,  which  has  grown  more 
than  the  fibula,  so  that  the  latter  no  longer  reaches  the  tarsus. 
The  posterior  lower  edge  of  the  tibia  first  becomes  continuous 
with  the  proximal  tarsal  cartilage,  while  the  anterior  face  of  the 
latter  gives  off  an  upward  process,  the  so-called  "ascending  process 
of  the  astragalus/'  which  fits  into  a  groove  in  the  tibia,  and 
remains  for  a  long  time  separate  from  it.  At  about  the  same 
time  the  distal  part  of  the  tarsus  fuses  with  the  metatarsals,  first 
with  the  second,  next  with  the  fourth,  and  lastly  with  the  third. 
All  these  processes  take  place  while  the  tarsus  is  still  cartilagin- 
ous. In  the  chick  two  ossific  nuclei  later  make  their  appearance 
in  the  proximal  piece  of  cartilage,  the  inner  one  representing  the 
astragalus,  the  outer  and  smaller  piece  the  os  calcis.  Tbe  distal 
piece  of  cartilage  represents  the  tarsalia. 

In  the  majority  of  birds  the  astragalus  sends  up  a  long  osseous 
"  spike,"  which  fits  into  a  groove  on  the  anterior  surface  of  the 
tibia,  as  shown  in  Plate  III.  fig.  10,  and  is  commonly  referred 
to  as  the  ascending  process  of  the  astragalus.  This  spike  has 
been  shown  by  Morse^  to  have  an  independent  ossific  centre, 
and  he  considers  it  to  correspond  with  the  intermedium  bone  of 
the  typical  tarsus.  The  question  is  one  so  full  of  interest,  and 
as  I  wish  to  give  an  account  of  some  observations  of  my  own  on 
the  subject,  it  is  well  to  refer  in  some  detail  to  Morse's  paper. 

'  Anniversary  Memoirs  of  the  Boston  Society  of  Nat  History ^  1880.     Morse  Chi  the 
Identity  of  the  so-called  Ascending  Process  of  the  Astragaltis  with  the  Intermeditnn, 
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It  appears  that  Professor  Wyman  sent  a  note  to  Morse,  to  the 
effect  that  he  had  found  in  the  tarsus  of  an  embryo  Heron,  a 
long  style-shaped  bone,  broadest  at  its  distal  extremity,  lying  in 
front  of  and  at  the  distal  end  of  the  tibia,  which  he  believed  to 
represent  the  so-called  ascending  process  of  the  astragalus,  but 
which  had  an  independent  centre  of  ossification,  and  remained 
free  from  the  other  tarsal  bones  until  the  young  had  left  the 
egg.  Morse  has  previously  shown  that,  as  the  proximal  series  of 
bones  become  united,  the  fibula  diminishes  in  size  proportionally 
with  the  rapid  increase  of  the  tibia,  becoming  finally  a  splint- 
like bone  with  its  attenuated  distal  end  far  removed  from  the 
tarsus ;  the  tibia,  on  the  contrary,  enlarges,  so  that  its  distal 
^  extremity  equals  in  transverse  diameter  the  two  proximal  tarsal 
bones. 

The  intermedium,  while  occupying  its  proper  position  between 
the  tibiale  and  fibulare,  and  finally  uniting  with  them,  becomes 
displaced,  so  to  speak,  by  standing  in  front  of  the  tibia.     As 
proving  the  correctness  of  this  assumption,  it  may  be  mentioned 
'  that  the  bone  may  be  found  occupying  its  true  position  in  the 

tarsal  series,  and  between  the  distal  extremity  of  the  tibia  and 
fibula  in  the  embryos  of  those  birds  in  whom  it  is  represented. 

An  examination  of  the  tarsus  in  the  embryos  of  the  Tern 
(Sterna  hirundo),  Petrel  {Frocellaria  pelagica),  Sea  Pigeon  ( Uria 
grylle).  Eider  Duck  (SovicUeria  moUessima),  Herring  Gull  (LaTus 
argenicUtui),  and  in  the  Great  Auk  {Aptenodytes  pennarUi),  showed 
that  in  these  birds  the  intermedium  is  present  as  a  separate  bone. 
It  lies  at  first  in  a  line  with  the  proximal  row  of  tarsal  bones, 
opposite  the  space  between  the  tibia  and  fibula.  As  the  tibiale 
and  fibulare  coalesce  the  intermedium  is  crowded  upwards  and 
outwards  so  as  to  occupy  a  position  in  front  of  the  tibia.  It  is 
the  last  bone  to  unite  with  the  confluent  tibiale  and  fibulare. 

Since  reading  Morse's  paper,  I  have  had  an  opportunity  of 
investigating  the  condition  of  the  ascending  process  of  the 
astragalus  in  a  Cygnet  of  Cygnus  miUis,  and  in  an  Ostrich  chick. 
In  the  Cygnet  the  ''  bony  spike  "  was  present  as  a  separate  ossifi- 
cation, exactly  as  Morse  figures  it.  In  the  case  of  Struthio  the 
process  was  just  in  the  act  of  uniting  with  the  astragalus ;  on 
making  a  longitudinal  section  through  the  lower  end  of  the  tibio- 
tarsus  the  line  of  separatipn  was  clearly  visible.    These  two 
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cases  clearly  confirm  the  existence  of  the  ascending  process  as 
an  independent  ossicle. 

I  felt  it  was  absolutely  necessary  to  enter  minutely  into  the 
details  of  the  ossification  of  the  bird's  tarsus  for  two  reasons : — 
(1)  To  show  that  the  bony  bridge  on  the  lower  end  of  the 
tibio-tarsus  is  an  "  adventitious  "  ossification,  (2)  to  prove  its 
relationship  with  the  tarsus — ^these  two  conditions  being  essential 
to  establish  its  identity  with  the  inferior  annular  ligament  of 
the  mammalian  ankle-joint. 

In  order  to  show  that  a  great  deal  of  misconception  prevails 
as  to  the  real  nature  of  the  oblique  bar  of  bone,  I  will  make  the 
the  following  extract  from  Mr  Parker's  paper,  "  On  the  Osteology 
of  BodcBniceps  rex  "  {Trans.  Zool.  Soc.,  vol.  iv.) : — "  The  inferior  or 
distal  end  of  the  tibia  is  developed  from  a  distinct  osseous  centre 
in  young  birds,  which  piece  forms  all  the  articular  parts  and 
sends  upwards  a  wedge-shaped  process  in  front,  the  seat  of  the 
ossification  which  makes  the  large,  wide,  oblique,  tendon-like 
bridge.'' 

Morse  finds  that  this  oblique  tendon- like  bridge  in  the  Heron 
and  many  other  birds  has  no  relation  with  the  intermedium,  and 
I  am  convinced,  from  the  examination  of  a  very  large  number  of 
birds,  that  the  pulley  in  question  is  really  the  homologae  of  the 
loop  which  in  mammals  binds  down  the  tendon  of  the  extensor 
longus  digitorum,  and  has  its  main  attachment  to  the  proximal 
row  of  tarsal  bones.  It  is,  therefore,  an  adventitious  ossification 
and  not  an  intrinsic  element  of  the  tarsus. 

It  may  be  worthy  to  mention,  that,  when  "  hunting  "  for  ossific 
centres  in  delicate  tissues,  one  should  not  be  content  with  care- 
fully examining  the  parts  when  moist,  for  it  has  happened  to  me 
many  times,  when  unable  to  find  a  nucleus  in  a  recent  specimen, 
the  nuclei  have  become  distinctly  visible  when  the  parts  have 
been  allowed  to  dry.  Thia  need  not  spoil  the  specimen,  for  on 
soaking  cartilage  in  water  it  quickly  reassumes  its  plump 
condition. 

So  far  as  the  anterior  annular  ligaments  of  the  bird's  leg  is 
concerned,  it  must  be  clear  to  any  one  who  has  followed  the 
preceding  account  that  the  two  structures  differ  very  consider- 
ably in  their  mode  of  origin  as  well  as  in  their  relation.  It 
must  also  be  very   evident  that  the  upper  ligament,  which 
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involves  all  the  extensor  tendons,  is  the  homologue  of  the 
superior  ligament  at  the  mammalian  ankle-joint,  but  the  deep  or 
inferior  loop,  ossified  in  some  birds,  which  transmits  the  extensor 
longus  digitorum  tendon,  is  the  avian  representative  of  the  loop 
attached  to  the  os  calcis  in  most  mammals,  including  man.  It 
may  perhaps  be  advisable  to  state  that  the  fact  of  its  often  under- 
going ossification  inbirds  is  no  objection  to  its  being  considered 
as  the  homologue  of  a  purely  fibrous  (and,  so  far  as  one  knows, 
always  so  in  mammals)  structure,  for  in  the  West  African  Lemur 
(Perodicticus  potto)  the  anterior  annular  ligament  of  the  wrist- 
joint  (which  arises  as  the  result  of  regression  of  certain  portions 
of  the  short  muscles  of  the  hand)  contains  an  osseous  nodule, 
thus  completing  a  bony  tunnel  for  the  flexor  tendons,  comparable 
in  a  certain  measure  to  the  osseous  loop  at  the  lower  end  of  the 
bird's  tibio-tarsuB. 

Admitting  then  that  the  ligaments  in  the  legs  of  birds  and 
mammals  are  homologous,  it  necessarily  follows  that  the 
question  be  asked.  How  do  these  structures  arise,  and  what  is 
their  nature  ? 

On  extending  our  view  to  reptiles  and  amphibians,  we  are 
surprised  to  find  that  these  forms  (or,  to  be  guarded,  none  of  the 
examples  which  have  been  dissected  by  me)  possess  annular 
ligaments  at  the  ankle  in  any  way  similar  to  those  we  have 
been  considering.  In  fact,  these  ligaments  might  be  cited  as 
characteristics  of  mammals  and  birds.  It  thus  comes  to  be  very 
clear  that  some  change  in  the  mode  of  life  or  position  of  limb  is 
responsible  for  the  change.  The  story  of  the  origin  of  these 
ligaments,  as  I  would  write  it,  from  the  facts  revealed  by  dissec- 
tion, observation,  and  reflection  on  the  writings  of  others,  would 
run  thus : — 

At  the  outset  it  is  important  to  bear  in  mind  the  fundamental 
condition  of  the  limb.  In  the  first  stage,  a  flat  muscular  sheet 
passed  from  the  trunk  to  the  toes,  lacking  segmentation ;  next,  as 
joints  arise  in  the  axis  of  the  limb,  the  muscular  sheet  suffered 
transverse  division,  many  of  the  muscles  destined  for  the  pes 
taking  their  fixed  point  from  the  femur,  the  majority  of  those 
acting  on  the  leg  remaining  attached  to  the  pelvis,  the  tailed 
batrachian  Menobranchus  bearing  excellent  testimony  on  this 
head. 
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The  extensor  muscles  in  the  leg  of  such  forms  as  Iguana  and 
Chameleon  present  us  with  another  example  of  this  process, 
which  is  extremely  valuable  in  connection  with  the  subject 
under  consideration. 

In  these  forms  the  extensor  longus  digitorum  arises  from  the 
outer  condyle  of  the  femur,  and  slightly  from  the  tibia ;  it  passes 
downwards,  to  be  inserted — in  Iguana,  by  two  tendons  into  the 
dorsal  aspect  and  proximal  end  of  the  second  and  third  meta- 
tarsals; in  Parson's  Chameleon^  it  goes  into  the  distal  extremity 
of  the  third  metatarsal  bone. 

The  short  extensors  of  the  toes  are  very  curious,  amounting  to 
eight  or  nine  in  Parson's  Chameleon.  They  take  origin  from 
quite  the  lower  end  of  the  tibia  and  fibula,  the  tarsal  ossicle,  and 
metatarsal  bones,  there  being  much  variation  in  different  forms. 
In  that  the  short  extensors  arise  from  the  dorsum  of  the  feet, 
these  forms  are  in  common  with  mammals,  but  the  mammalian 
extensor  brevis  digitorum  muscle  gained  the  dorsum  of  the 
tarsus  by  migration,  and  is  thus  altogether  a  secondary  condition. 
In  the  case  of  Iguana  the  short  extensors  lie  on  the  dorsal 
aspect  of  the  foot  as  a  result  of  the  primary  segmentation. 

It  is  easy  to  see  that  in  the  case  of  Menobranchus,  as  Gadow 
has  BO  well  shown,  the  limb  was  used  simply  as  a  paddle  whose 
axis  was  nearly  straight.  In  the  case  of  Iguana  we  have  to  deal 
with  a  crawling,  creeping,  or  running  creature,  whose  terrestrial 
life  necessitated  the  bending  of  the  limb  at  various  angles.  This 
flexion  has  caused  the  extensor  longus  digitorum  to  secede  from 
the  short  extensors  of  the  phalanges  and  to  form  an  attachment 
to  the  metatarsus ;  the  distal  elements  adhering  to  the  fibula, 
tibia,  or  any  vantage  point  offered  by  the  tarsus  become  short 
extensors. 

Subsequently  this  arrangement  became  changed  as  the  animal's 
habits  underwent  modification,  for  active  movements  led  to 
more  acute  flexion  of  the  foot  on  the  leg,  leading  to  a  secondary 
fusion  of  the  long  and  short  extensors  of  the  foot,  whereby  its 
action  became  continued  to  the  phalanges,  but  those  fibres,  by 
means  of  which  the  short  extensor  was  originally  attached  to 
the  tarsus,  become  metamorphosed  to  form  an  annular  ligament 
or  loop  for  the  now  compound  long  extensor  of  the  digits. 

^  Mivart,  **  Myology  of  Parson's  Chameleon,"  Proc  Zool.  Soc,  1870. 
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This  additional  flexion  of  the  foot  caused  the  remaining 
extensor  muscles  to  exert  tension  on  the  connective  immediately 
covering  the  muscles ;  fchis  extra  tension  at  a  definite  spot  had 
the  efiect  of  causing  a  thickening  in  the  tissue,  which  is  recog- 
nised as  the  superior  anterior  annular  ligament. 

Hence  a  comparative  study  of  these  two  ligaments  leads  one 
to  the  conviction  that  the  mode  of  origin  is  different  in  the  two 
cases ;  the  one  being  a  remnant  of  a  muscular  attachment,  the 
other  condensed  connective  tissue,  the  result  of  continued  strain. 

There  is  yet  one  other  ligament  at  the  medio-tarsal  articula*^ 
tion  worthy  consideration.  In  the  Ostrich,  Hhea,  and  Emu  the 
posterior  part  of  the  joint  is  occupied  by  a  well-developed  inter- 
articular  Gbro-cartilage  of  considerable  dimensions.  It  is  wedge- 
shaped,  the  thin  end  projecting  into  the  joint,  whilst  the  base 
is  visible  posteriorly,  filling  in  an  irregular  interval  between  the 
tibio-tarsus  and  the  tarso-metatarsus.  On  Plate  III.  fig.  12  it  is 
represented  in  position  in  the  leg  of  an  Emu  (Dromceus  novce- 
hollandice),  whilst  in  fig.  13  it  is  shown  of  natural  size;  the  two 
strap-like  ligaments  attached  to  either  corner  are  attached  to 
the  margins  of  the  tarso-metatarsus,  and  serve  to  keep  it  in 
position. 

The  ligament  presents  itself  in  the  most  complete  form  in  the 
Ostrich,  Rhea,  and  Emu,  but  it  is  present  in  varying  degrees  in 
the  medio-tarsal  articulation  of  every  bird  that  I  have  dis- 
sected. 

Its  constant  presence  in  this  situation  leads  me  to  suspect 
that  we  have  in  this  cartilage  to  deal  with  a  modified  tarsal 
element,  but  as  young  struthious  birds  are  not  easily  obtained 
I  have  been  unable  to  verify  my  view  as  to  the  real  nature  of 
this  structure.  My  chief  object  in  mentioning  the  cartilage  is 
to  draw  attention  to  its  constant  presence,  which  seems  to  have 
escaped  the  notice  of  anatomists. 

Rudimentary  Toes  of  Birds. 

In  a  short  but  interesting  paper  "  On  the  Variations  from  the 
Normal  Structure  of  the  Foot  in  Birds,"  ^  Mr  W.  A.  Forbes  states 
that  the  ordinary  number  of  the  toes  in  birds  is  four,  represent- 

*  /Ws,  1882,  p.  S86-390,  and  in  the  Memorial  Volume  of  Collected  Papers, 
p.  440. 
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log  the  first,  second,  third,  and  fourth  digits  of  the  normal  peuta- 
dactyle  feet.  A  number  of  birds  are,  however,  three-toed,  the 
reduction  in  nearly  all  cases  being  effected  by  the  suppression  of 
the  hallux.  It  is  not  always,  however,  the  hallux  that  is  thus 
absent  in  tridactyle  birds.  In  the  Kingfishers,  of  the  genera 
Ceyx  and  Alcyone,  the  foot  is  three-toed,  but  the  hallux  is  well 
developed ;  the  second  digit,  on  the  other  hand,  is  reduced  to  its 
basal  phalanx,  thus  appearing  externally  as  a  mere  wart-like 
eminence  on  the  side  of  the  digit  next  to  it,  in  a  way  very 
similar  to  that  exhibited  by  some  Edentata,  in  which  the  fifth 
digit  of  the  manus  is  greatly  reduced.  In  the  curious  passerine 
genus  Chloronis,  on  the  other  hand,  which  is  also  said  to  be 
three-toed,  the  reduction  is  brought  about  by  the  absorption  of 
the  most  external  or  fourth  digit.  In  the  Ostrich,  finally,  only 
two  digits  are  present,  both  the  first  and  second  having  entirely 
disappeared. 

Whilst  engaged  dissecting  the  leg  of  a  young  Emu  {Dromceus 
novce-hollandice),  a  stout  Sbrous  band  was  detected  passing  from 
that  portion  of  the  tibio-tarsus  which  represents  the  astragalus, 
and  gradually  becoming  indistinct  as  it  descended  on  the 
metatarsus.  It  had  no  connection  with  the  external  ligament 
of  the  joint,  and  lay  completely  to  its  inner  side.  This  band  is 
represented  in  Plate  III.  fig.  14. 

On  finding  this  ligament  my  suspicion  was  aroused  that  I  had 
in  this  fibrous  cord  some  rudiment  of  more  than  common 
interest,  and  upon  reading  Forbes's  paper  the  suspicion 
became  strengthened.  Further  testimony  came  to  hand,  for 
in  a  previous  paper,  "On  the  Rudimentary  Hallux  of  Birds,"i 
Forbes  writes  as  follows: — ^^* Whilst  engaged  in  working  out 
my  Report  on  the  Anatomy  of  the  Petrels  for  the  Voyage  of 
H.M.S.  'Challenger,'  I  happened  to  come  across  Dr  Kidder's 
note  on  the  existence  of  a  rudimentary  hallux  in  PJicebetria 
fidiginosa,  a  bird  hitherto  supposed,  like  other  Albatrosses,  to 
lack  the  hind  toe  altogether."  Forbes  not  only  succeeded  in 
verifying  Kidder's  observation,  but  found  it  present  in  three 
other  species  of  Albatrosses  that  he  had  in  the  flesh  {Diomedea 
exulans,  D,  hra/ihyuray  and  Thalassiarche  culmincUa).  In  all  these 
cases  the  hallux  was  present  in  a  rudimentary  condition,  con- 

^  Froc,  Zool,  Soc,t  1882,  pp.  548,  549  ;  and  in  Collected  Papers,  p.  859. 
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sistiQg  of  a  small  nodule  of  bone  Iving  beneath  the  skin  in  the 
Bubcataneous  fibrous  tissue,  and  only  appearing  externally  as  a 
minute  pimple-like  elevation  with  no  claw. 

The  discovery  of  this  rudimentary  hallux  in  the  Diomedeince 
induced  Forbes  to  look  for  it  in  other  birds,  and  he  succeeded  in 
finding  it  in  certain  genera  of  Woodpeckers  {Picoides  and  Tcga), 
the  hallux  consisting  of  a  normal  number  of  phalanges,  and  of  a 
metatarsal,  but  all  of  minute  size.  The  "  great  toe  "  thus  formed 
lies  completely  under  the  skin,  and  is  only  discernible  on 
reflecting  the  skin  carefully. 

Iq  many  birds  possessing  the  hallux,  the  union  with  the 
tarso-metatarsus  is  usually  brought  about  by  means  of  fibrous 
^  tissue,  for  whilst  the  remaining  digits  articulate  directly  with 

the  distal  end  of  the  tarso-metatarsus,  yet  in  very  many 
instances  the  metatarsal  bone  corresponding  to  the  hallux  is 
a  very  diminutive  structure,  and  the  portion  corresponding  to 
the  shaCt  is  represented  by  fibrous  tissue.  In  the  face  of  these 
^  facts  it  seems  probable  that  the  long  fibrous  band  figured  in  the 

Emu  represents  an  aborted  hallux.  The  bird  was  only  two 
years  old. 

Similar  conditions  of  the  metatarsals  and  metacarpals  may  be 
studied  in  the  Ungulates,  especially  the  Deer.  Very  many  of 
^  these  animals  possess  only  rudiments  of  the  lateral  metatarsals, 

sometimes  only  of  the  distal  ends ;  at  other  times  the  distal  and 
proximal  ends  persist,  whilst  the  intervening  portion  or  shaft 
exists  only  as  a  fibrous  tissue.  Sir  Victor  Brooke,  in  an  interestr 
ing  paper  "  On  the  Genus  Gervulus  "  {Proc,  Zool,  Soc,  1874),  has 
given  an  account  of  the  two  paths  by  which  the  reduction  qf  the 
metacarpals  has  been  effected. 

I  have  entered  fully  into  the  details  of  this  curious  and 
gradual  disappearance  of  toes  from  a  bony  condition  into  a 
fibrous  tract,  not  only  from  its  own  intrinsic  interest  but  also 
for  the  undeniable  support  it  gives  to  several  instances  of  this 
curious  metamorphosis  about  the  shoulder-joint  of  man. 

So,  too,  in  the  case  of  the  bird's  fibula,  before  mentioned  as 
being  of  equal  length  with  the  tibia,  but  that  later  its  lower  end 
grows  at  a  less  rate  than  the  tibia,  and  eventually  the  lower  end 
becomes  simply  represented  by  a  thin  band  of  fibrous  tissue. 

Some  two  years  ago  I  was  fortunate  enough  to  procure  the 
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foetus  of  a  young  Shetland  Pony  at  about  the  mid  stage  of 
gestation.  On  dissecting  the  leg  I  was  surprised  to  find  the 
fibula  not  represented  by  bone,  but  by  a  thin,  rounded,  dense 
cord  of  fibrous  tissue.  Normally  in  the  horse  the  distal  end  of 
the  fibula  is  represented  by  fibrous  tissue,  but  in  this  particular 
case  the  metamorphosis  had  extended  beyond  the  usual  limits, 
and  had  involved  the  entire  bone. 

The  hands  of  Spider  Monkeys  furnish  similar  instances. 
These  monkeys  normally  possess  four  digits,  the  poUex  being 
usually  absent.  Occasionally,  however,  a  rudimentary  pollex 
may  be  detected,  and  in  one  instance  I  found  in  Aides  paniscus 
a  thumb  an  inch  long.  In  examples  of  Ateles  ater  the  thumb  is 
represented  by  a  band  of  fibrous  tissue  arising  from  a  small 
fibro-cartilaginous  nodule  on  the  outer  side  of  the  second 
metacarpal  The  nodule  in  question  forms  part  of  the  attach- 
ment of  the  extensor  ossis  metacarpi  pollicis  tendon. 

Many  other  instances  could  be  adduced  of  this  process  of 
substitution  if  it  were  necessary,  but  I  think  the  instances 
described  above  are  quite  sufficient  to  establish  the  fact,  that  in 
the  limbs  as  well  as  in  the  trunk  very  important  osseous  elements 
may  be  represented  by  fibrous  tissue. 


The  Zigaments  of  the  Spinal  Column, 

On ^  two  previous  occasions  I  have  attempted  to  deal  with 
some  of  the  ligaments  which  unite  the  various  segments  of  the 
vertebral  column  to  one  another,  as  well  as  those  which  pass 
from  the  spine  to  the  skull,  or  to  the  ribs  and  pelvis.  Some  of 
these,  such  as  the  interspinous  and  intertransverse,  are  clearly 
the  remains  of  muscles ;  others,  such  as  the  ligamenta  subflava 
and  portions  of  the  intervertebral  discs,  have  a  higher  mor- 
phological significance,  whilst  two  remarkable  ligaments,  the 
anterior  and  posterior  common,  remain  to  be  dealt  with. 

The  first  real  attempt  to  attach  a  morphological  value  to  a 
spinal  ligament  was  that  of  Eathke,  in  his  famous  EntwicJdung 
der  Schildkroten,  1848,  where,  in  a  masterly  piece  of  anatomical 
reasoning,  he  shows  most  conclusively  that  the  os  odontoideum 
of  the  Turtle,  is  really  the  representative  of  the  body  of  the 
atlas,  and  that  the  ligamentum  suspensorium,  a  thin  fibrous  band 
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passing  from  that  process  to  the  margin  of  the  foramen  magnum, 
is  the  remains  of  the  notochordal  sheath. 

Eathke  had  previously  promulgated  this  doctrine  in  his 
£ntuncklunysffeschichte  der  Natter,  so  far  as  the  odontoid  process 
is  concerned.  Cuvier,  in  his  Hecherches  sur  les  ossSmens  fossiles, 
had  previously  identified  the  true  homology  of  this  hone  by  a 
study  of  its  condition  in  the  Turtle  and  in  the  Matamata  Terrapin. 
Bergmann  confirmed  the  statements  of  Rathke,  and  now  the 
matter  rests  beyond  all  disputation  after  the  investigations 
made  into  the  subject  as  regards  mammals  by  J.  Mliller,  Robin, 
and  Hasse.  Then,  the  fact  that  the  nucleus  pulposus  in  the 
middle  of  the  invertebral  discs  is  the  remains,  in  part,  of  the 
notochord,  lend  additional  interest  to  the  matter.  It  is  a  curious 
fact  that,  though  in  adult  mammals  we  find  only  a  definite 
ligamentum  suspensorium  attached  to  the  odontoid  process,  yet 
in  birds,  as  Jager  ^  has  shown  in  Das  Wirbelkorpergelenk  der 
Vogel,  we  find  a  suspensory  ligament  in  many  other  parts  of  the 
column.  In  its  most  typical  form  the  arrangement  may  be  thus 
described : — 

Between  the  centra  of  contiguous  vertebrae  is  a  fibro^ 
cartilaginous  riug,  which  is  continued  inwards  in  the  form  of  a 
disc  which  has  free  anterior  and  posterior  faces,  this  portion  is 
called  the  meniscus ;  this  thins  towards  the  centre,  which  is 
always  occupied  by  a  hole.  The  meniscus,  when  perfect,  divides 
the  space  between  the  centra  of  the  opposed  vertebra  into  two 
synovial  cavities.  The  central  perforation  in  the  meniscus  is 
traversed  by  a  ligament,  which  in  the  chick  contains  the  remains 
of  the  intervertebral  portion  of  the  notochord.  The  shape  of 
the  discs  aod  the  aperture  for  the  suspensory  ligament  is  shown 
in  Plate  III.  fig.  15.  In  some  instances  the  meniscus  is  reduced 
to  a  mere  rudiment,  in  other  cases  it  is  united  with  vertebral 
bodies,  whilst  in  the  caudal  region,  in  its  relation  to  the  bodies 
of  the  vertebrae,  it  resembles  an  ordinary  invertebral  disc. 

There  seems  to  be  no  rule  by  which  one  could  predict  the 
presence  or  absence  of  this  disc.  In  two  specimens  of  Rhea 
(BJua  americana)  dissected  by  me,  the  discs  and  suspensory  liga- 
ments were  absent,  the  vertebral  centra  coming  into  direct 
apposition.    In  the  Emu  the  meniscus   is  alone  represented, 

*  SitzungberichU  der  Wiener  Akademie,  1858. 
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whilst  ia  the  Pigeon,  Fowl,  and  similar  birds  the  meniscus  and 
suspensory  ligaments  are  present  in  a  perfect  condition ;  when 
carefully  dissected,  the  neck  vertebrae  and  their  discs,  alternating 
and  threaded  as  it  were  by  the  suspensory  ligaments,  present  a 
striking  appearance. 

If  the  cervical  vertebrae  of  a  child  be  macerated  until  the 
intervertebral  discs  drop  away,  it  will  be  found  that  the 
vertebral  bodies  will  in  many  cases  remain  attached  to  each 
notochord ;  in  thickened  sheath  surrounding  the  remains  of  the 
other  by  the  this  way  it  strikingly  resembles  the  avian  suspensory 
ligament. 

It  should  be  mentioned  that,  in  those  birds  which  lack  a 
suspensory  ligament-  between  their  vertebra,  but  in  whom  the 
meniscus  is  developed,  a  small  dimple  may  be  often  detected  in 
the  middle  of  the  articular  surface  of  the  vertebra. 

Hu  Posterior  Common  Ligament, — Lying  on  the  posterior 
surfaces  of  the  bodies  of  the  vertebrae,  and  extending  from  the 
upper  surface  of  the  basi-occipital  bone  to  the  lower  end  of  the 
sacrum,  is  a  fairly  broad  fibrous  band.  The  upper  part  of  the 
ligament,  that  which  lies  between  the  occipital  bone  and  the 
axis,  is  often  designated  the  posterior  occipito-axial  ligament 
The  most  important  features  of  the  posterior  common  liga- 
ment  are  these : — In  the  neck  it  extends  quite  across  the  bodies 
of  the  vertebrae,  in  the  thoracic  and  lumbar  regions  it  is  broader 
opposite  the  intervertebral  discs  than  at  the  middle  of  the  bodies 
of  the  vertebrae:  between  these  narrower  portions  and  the 
vertebral  centra  is  some  loose  connective  tissue  and  a  venous 
plexus;  so  that  the  ligament  is  only  connected  with  the  spine  at 
the  intervertebral  discs  and  the  corresponding  margins  of  the 
vertebrae,  presenting  throughout  its  course  a  series  of  attached 
and  unattached  segments.  In  this  Journal  (vol.  xviii.  p.  225) 
attention  was  directed  to  the  ligament  originally  described  by 
Mayer  and  by  Cleland,  which  in  many  mammals  unites  the  heads 
of  the  ribs  of  opposite  sides,  by  passing  across  the  dorsal  aspect 
of  an  intervertebral  disc ;  this  ligament,  known  as  lig.  conjugale 
costarum,  is  present  in  the  foetus  of  man  about  the  time  of  birth, 
but  later  it  unites  with  the  intervertebral  disc.  An  attempt  was 
then  made  to  prove  that  the  ligamentum  transversum  and 
check  ligaments  of  the  occipital  bone  were  really  persistent 
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examples  of  the  ligamentum  conjugale.  Previoasly  Bathke  had 
endeavoured  to  ehow  that  they  were  simply  thickened  bands  of 
connective  tissue,  that  observer  Dot  being  aware  of  the  existence 
of  the  remarkable  ligament  in  question.  So  frequeut  is  the 
existence  of  the  lig.  conjugale  in  mammals,  that  the  view  which 
would  regard  the  transverse  and  check  ligaments  as  being  of  this 
nature,  becomes  almost  a  certainty. 

Aided  by  these  facts  and  a  careful  examination  of  the 
posterior  common  ligament,  the  conclasion  is  irresistible  that  it 
must  be  regarded  as  consisting  of  a  series  of  short  bands  passing 
firom  one  disc  or  conjugale  ligament  to  another,  merely  as  a 
thickened  band  of  connective  tissue  and  of  no  morphological 
significance.  It  should  perhaps  be  mentioned  that  Bergmann 
regarded  the  transverse  ligament  of  the  atlas  as  a  thickened 
portion  of  the  sheath  of  the  notochord.  Bathke  showed  this  to 
be  erroneous,  for  in  the  Turtle  and  Coluber  the  transverse  liga- 
ment of  the  atlas  exists,  whilst  the  entire  thickness  of  the  noto« 
chord  and  its  sheath  lie  in  the  body  of  that  vertebra — the  future 
OS  odontoideum, — and  that  the  notochordal  sheath  and  transverse 
ligament  can  be  clearly  seen  distinct  from  each  other 

The  anterior  common  ligament,  however,  will  admit  of  a 
much  more  interesting  interpretation.  Its  anatomical  points 
must  be  first  briefly  considered.  It  consists  of  a  longitudinal 
band  of  dense  fibres  placed  on  the  anterior  aspect  (ventral)  of 
the  vertebral  column,  extending  from  the  under  surface  of  the 
basi-occipital  bone  with  a  slight  break  at  the  atlas  to  near  the 
middle  of  the  sacrum;  here  it  becomes  scarcely  indistinguishable 
from  the  periosteum,  but  as  it  nears  the  coccygeal  vertebrae  it 
again  becomes  prominent,  and  ends  at  the  tip  of  the  coccyx. 
The  superficial  fibres  extend  over  several  vertebrae  (four  or  five), 
the  intermediate  ones  pass  over  two,  whilst  the  deepest  fibres 
only  connect  adjacent  vertebrae. 

On  widening  our  view,  by  extending  our  observations  to  other 
forms  of  Vertebrata,  we  quickly  become  impressed  with  the  fact 
that  this  ligament  is  almost  as  constant  as  vertebrae,  from  the 
Sturgeon  or  Perch,  Frog  or  Lizard,  Kangaroo  or  Lion,  up  to 
Man.  But  what  is  very  significant  is  the  large  size  of  the 
anterior  common  ligament,  especially  in  Amphibia  and  Lacertilia, 
totally  out  of  proportion  to  the  size  of  the  animal,  or  any  function 
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it  may  subserve  ia  keepiDg  the  parts  from  any  undue  separatiou. 
This  fact  would  lead  one  to  suspect  that  it  has  a  morpho- 
logical significance.  The  following  is  my  interpretation  of  the 
matter : — 

The  Subnotochordal  Bod. — In  all  Icthyopsida  (Fish  and  Amphi- 
bians)»  at  a  period  slightly  subsequent  to  the  formation  of  the 
notochord,  there  appears  a  rod-like  thickening,  split  oflf  from  the 
dorsal  wall  of  the  alimentary  canal.  This  singular  body  is  known 
to  embryologists  as  the  subnotochordal  rod.  Its  situation  and 
appearance  are  drawn  by  Goette,  in  sections  of  Bombinator  igneus. 
The  rod  lies  between  the  notochord  and  alimentary  canal,  and  is 
of  almost  the  same  longitudinal  extent  as  these  two  structures. 

It  was  first  detected  by  Goette,  who  gave  an  account  of  it  in 
Schultze's  Archiv.fur  Mik.  Anat,  1869.  In  his  elaborate  account 
of  the  JSntwicklungsgeschichte  der  Uhke  (Bovibinator  ignevs), 
1875,  he  refers  to  it  under  the  name  of  der  Axenstrang  des  Darm- 
blattes,  and  suggests  that  later  it  becomes  a  lymphatic  trunk 
(page  775).  The  subnotochordal  rod  had  been  observed  inde- 
pendently by  Prof.  Semper,  and  Balfour  has  given  a  description 
of  it  in  his  account  of  the  development  of  Elasmobranch  fishes. 
It  is  now  known  to  be  present  in  the  embryos  of  Elasmo- 
branchs,  Ganoids,  the  Teleostei,  Lamprey,  and  in  the  Amphibia, 
in  all  of  whom  it  develops  in  fundamentally  the  same  way. 

Although  it  has  not  yet  been  found  in  a  fully  developed 
form  in  any  amniotic  vertebrate,  nevertheless  a  structure  which 
in  all  probability  is  a  rudiment  of  the  subnotochordal  rod  was 
detected  by  Balfour  and  Marshall  as  a  thickening  of  the 
hypoblast  in  the  neck  of  chicks. 

Salensky  has  further  shown  that  in  the  Sturgeon  (Accipenser) 
the  subnotochordal  rod  becomes  in  the  adult  the  subvertebral 
ligament,  an  observation  which,  according  to  Balfour,  confirms 
an  earlier  suggestion  made  by  Bridge. 

This  point  is  important,  and  it  will  be  interesting  to  endeavour 
to  extend  this  view  to  Vertebrata  in  general,  and  show  that  the 
anterior  common  ligament  of  the  spine  resvlts  in  some  forms  at 
least  from  the  degeneration  of  the  subnotochordal  rod,  in  the  same 
way  that  ligamentous  tissue  in  various  parts  of  the  adult  column 
is  the  vestige  of  the  embryonic  notochord.     I  have  made  a  series 

^  Uniuncklung  der  SchildkrSim,  page  88. 
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of  observations  on  tadpoles  of  the  Common  Frog  {Rana  tempor- 
aria),  and  have  been  able  to  satisfy  myself  that  in  this  case,  after 
the  disappearance  of  the  subnotochordal  rod,  a  band  of  tissue  can 
be  seen  in  the  sections  replacing  that  structure.  Further,  as  chon- 
drification  proceeds  in  the  tissue  lying  between  the  notochord 
and  the  subnotochordal  rod,  the  latter  can  be  seen  to  become 
flattened  out  over  the  body  of  the  future  vertebrae  and  finally 
assume  a  fibrous  appearance,  and,  having  degenerated  into 
fibrous  tissue,  it  grows  with  the  vertebral  column.  Plate  III. 
fig.  16,  shows  at  a  glance  a  stage  in  the  development  of  the 
subnotochordal  rod  and  its  final  transformation  into  the  anterior 
common  or  sub-vertebral  ligament  of  the  adult  Frog.  It  may 
be  argued  that,  even  admitting  this  to  be  true,  su  far  as 
Amphibians  or  fish  are  concerned,  yet  it  cannot  apply  to 
vertebrate  forms  above  that  group,  in  whom,  with  the  excep- 
tion of  the  chick,  a  subnotochordal  rod  has  not  yet  been  demon- 
strated However,  its  existence  in  fish  and  Amphibia  is 
indisputable,  therefore  we  may  assume,  unless  later  on  its 
presence  may  be  detected  in  higher  forms,  that  the  process  has 
suffered  abbreviation,  and  that  the  anterior  ligament  appears 
in  these  forms  in  obedience  to  the  great  principle — ^heredity. 
In  support  of  the  notion  that  this  anterior  common  ligament 
may  represent  the  subnotochordal  rod  of  Sauropsidia,  without 
actually  existing  in  the  peculiar  condition  it  presents  in  those 
forms,  I  would  draw  attention  to  the  fact  that  although  Com- 
parative Anatomy  shows  incontestably  that  the  various  structures 
about  the  knee-joint — ligaments  and  fibro-cartilages — are  in 
reality  the  disguised  remnants  of  the  tendons  of  muscles,  yet 
during  the  development  of  the  human  embryo,  as  Barth  has 
shown  in  an  interesting  article  ("  Die  Entwicklungs  geschichte  der 
Menschen,"  Morph.  Jafir,,  Bd  iv.  S.  403,  1878),  the  various  liga- 
mentous elements  of  the  joint  arise  as  thickenings  of  the 
connective  tissue.  In  this  case,  as  in  so  many  others,  embryo- 
logical  testimony  will  not  always  satisfy  our  demands  when  we 
ask  for  ancestral  history,  because  the  process  has  become 
abbreviated ;  hence  we  are  driven  to  Comparative  Anatomy. 

I  shall  now  proceed  to  give  a  summary  of  the  principal 
ligaments  and  ligamentous  structures  dealt  with  in  this  article. 
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Before  doing  so,  it  may  be  well  to  remark  that,  whilst  investi* 
gating  the  ligaments  with  which  this  article  is  specially 
concerned,  in  no  case  did  I  fail  to  test  the  accuracy  of  my 
previous  accounts  of  the  nature  of  ligaments.  I  have  found 
nothing  that  has  led  me  to  alter  ray  views  on  the  matter,  but,  on 
the  contrary,  the  facts  which  have  come  to  hand  confirm  them 
in  every  respect. 

Summary. 
The  subjects  dealt  with  in  this  paper  may  be  briefly  summarised 
as  follows: — 

1.  The  semilunar  cartilages  of  the  knee-joiDt  are  undoubtedly 
derived  from  the  metamorphosis  of  muscles,  due  originally  to  the 
change  of  an  animaVs  habits  from  a  purely  aquatic  (Urodele  Batrachia) 
to  semi-aquatic  (Crocodilia)  and  finally  terrestrial  life  (Mammalia). 

2.  The  bicipital  loop  in  the  thigh  of  birds  has  had  its  origin  in  the 
metamorphosis  of  fibres  of  the  gastrocnemius  muscle ;  and  that  the 
outer  head  of  this  muscle  in  birds  represents  the  peroneus  pn'mus 
(of  Mivart's  nomenclature)  in  Lacertilia,  but  the  fascia  prolonged  from 
the  biceps  femoris  in  most  mammals,  including  Man. 

3.  The  gleno-humeral  ligament  (ligamentum  teres  of  the  shoulder- 
joint)  is  present  in  a  very  great  number  of  mammals. 

4.  The  "  OS  centrale  "  of  the  human  carpus  is  frequently  represented 
by  a  ligament  passing  from  the  scaphoid  to  the  os  magnum. 

5.  The  anterior  annular  ligaments  of  the  ankle-joint  of  mammals 
are  distinct  structures.  The  superior  one  arises  simply  as  a  thickening 
of  the  connective  tissue  consequent  on  flexion  of  the  limb,  and  belongs 
to  the  leg. 

The  lower  ligament  is  the  property  of  the  tarsus,  and  v^as  derived 
originally  from  the  remains  of  an  old  attachment  of  the  extensor 
longus  digitorum  muscle  to  the  tarsus. 

The  oblique  bar  at  the  lower  end  of  the  tibio-tarsus  in  birds,  and  the 
inferior  annular  ligament  of  the  mammalian  ankle-joint,  are  homologous. 
This  oblique  bar  is  an  adventitious  ossification  and  not  an  essential 
element  of  the  tarsus. 

6.  Rudimentary  metatarsals,  metacarpals,  and  phalanges  in  birds 
and  mammals  may  be  represented  wholly  or  in  part  by  fibrous  tissue, 
and  even  such  a  large  element  of  the  leg  as  a  fibula  may  be  similarly 
represented. 

7.  The  posterior  common  ligament  of  the  spine  arises  as  a  thickening 
of  the  connective  tissue  between  each  conjugale  ligament.  The  an- 
terior common  ligament  is  to  be  regarded  as  the  degenerate  represen- 
tative in  mammals  of  the  subnotochordal  rod  of  Icthyopsida  (Fish  and 
Amphibia). 

I  feel  that  my  work  in  unravelling  the  nature  of  ligaments  is 
open  to  one  objection,  in  that  it  seems  to  have  been  done  in  a 
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piecemeal  fashion.  When  first  the  task  was  commenced  I 
never  for  one  moment  anticipated  having  so  much  good  material, 
and  I  am  thankful  that  it  has  come  to  hand  in  such  a  way 
as  to  enable  me  to  pursue  the  investigation  with  some  approach 
to  thoroughness. 

EXPLANATION  OF  PLATE  III. 

Fig.  1.  The  femur  of  Iguana  tuberculata,  showing  the  feraoro-caudal 
and  the  relation  of  its  tendon  to  the  inter-articular  cartilage  of  the 
knee-joinK     B,,  biceps ;  LP.,  ilio-peroneal ;  S.M,,  semimetnbranoaua. 

Fig.  2.  The  relation  of  the  tendon  of  the  femoro-caudal  in  the 
Alligator  (Alligator  Miitsisippieneis). 

Fig.  3.  The  bicipital  loop  in  the  thigh  of  Rufous  tinamou.  G,, 
outermost  head  of  the  gastrocnemius ;  G.S.H.^  the  great  sciatic  nerve. 

Fig.  4.  The  condition  of  the  loop  as  seen  in  the  thigh  of  an  Emu, 
(Dromceus  navce  hollandicB), 

Fig.  5.  The  wing  of  the  Secretary  Vulture  (Serpentariua  reptUi- 
votoub)  to  show  the  expansor  secundariorum  muscle  and  the  tendinous 
representative  of  the  flexor  carpi  ulnaris  muscle. 

Fig.  6.  The  carpus  of  man,  in  section,  to  show  a  small  ligament 
passing  from  the  scaphoid  bone  to  the  os  magnum.  It  is  the  remains 
of  an  OS  centrale  (modified  from  Quain). 

Fig.  7.  The  ankle-joint  of  a  Cebine  Monkey  (Cebus  alhi/rons), 
showing  the  arrangement  of  the  anterior  annular  ligaments  of  the 
ankle-joint 

Fig.  8.  The  medio-tarsal  articulation  of  a  fowl,  showing  the 
anterior  annular  ligaments.  No.  1  is  a  ligamentous,  No.  2  is  an  osseous, 
bridge,  and  transmits  the  tendon  of  the  ex.  longus  digitorum  muscle. 

Fig.  9.  The  osseous  loop  of  the  same  bird  shown  separately. 

Fig.  10.  Distal  end  of  the  tibio-tarsus  of  a  very  young  Ostrich, 
showing  the  fibrous  loop  of  the  ex.  longus  digitorum  and  the  so-called 
ascending  process  of  the  astragalus. 

Fig.  11.  The  hind-limb  of  Salamander,  to  show  the  os  intermedium. 

Fig.  12.  The  medio-tarsal  joint  of  an  Emu,  showing  the  flbro- 
cartilage  in  position. 

Fig.  13.  The  upper  surface  of  the  cartilage  shown  separately.  a.a,a,j 
the  strap-like  processes  by  which  it  is  attached  to  the  tarsal  portion  of 
the  tarso-metatarsus. 

Fig.  14.  An  inner  view  of  the  medio-tarsal  articulation  of  an  Emu, 
showing  a  ligament  (L.)  which  probably  represents  an  aborted  hallux. 

Fig.  15.  The  meniscus,  which  lies  between  the  contiguous  surfaces  of 
the  vertebrae  in  many  birds.  The  aperture  A.  transmits,  when  present, 
the  supensory  ligament 

Fig.  16.  Transverse  section  of  the  tadpole  of  a  Frog  (J?,  temporarta)  in 
whom  the  legs  are  just  appearing.  S.,  sp.  cord ;  Jf.P.,  the  muscle  plates ; 
F.,  vertebra  enclosing  the  notochord;  A.G.L.,  the  subnotochordal  rod 
has  become  transformed  into  the  anterior  common  ligament  of  the  spine. 


VITAL  RELATIONS  OF  MICEO-OEGANISMS  TO  TISSUE 
ELEMENTS.!  By  G.  Sims  Woodhead,  M.D.,  and  A.  W. 
Hare,  M.B.,  of  the  University  of  Edinburgh. 

During  the  last  ten  years,  and  especially  during  the  latter  half 
of  that  period,  our  views  of  the  physiology  of  disease,  with  its 
associated  histology,  seem  to  have  passed  through  a  series  of 
changes  almost  kaleidoscopic  in  their  rapidity  and  completeness. 
The  era  of  cellular  pathology,  which  was  inaugurated  by  the 
observations  of  Goodsir  in  our  own  country,  and  of  Virchow 
abroad,  at  one  time  seemed  to  be  drawing  to  a  close,  in  so  far  at 
least  as  one  could  gather  from  the  writings  of  many  advocates 
of  the  more  recent  theories  of  the  micro-organismal  origin  of 
disease.  Then  some  of  the  followers  of  Goodsir  and  Virchow 
were  not  prepared  to  admit  the  important  part  played  by  foreign 
organised  elements  in  producing  the  various  forms  of  cellular 
reaction  observed  in  pathological  processes;  in  this,  however, 
they  did  not  follow  their  masters,  the  tendency  of  whose 
teaching  is  always  in  the  direction  of  a  diligent  search  for  all 
possible  factors  which  influence  the  balance  of  cause  and  effect. 
As  an  outcome  of  this,  each  party  has  pushed  forward  on  its 
own  line  of  progress,  the  one  elaborating  the  morphology  and 
physiology  of  micro-organisms  into  a  coherent  system;  whilst 
the  other  has  observed  and  systejnatised  the  physiology  of  the 
cell  in  all  the  stages  of  its  growth,  and  in  various  conditions 
of  irritation  and  stimulation,  the  partisans  of  each  ignoring  to  a 
great  extent  the  results  obtained  in  the  rival  school.  This  is  the 
probable  explanation  of  the  fact  that  the  actual  gain  to  science 
generally,  and  to  medicine  specially,  does  not  in  any  sense 

^  A]i7  abstract  of  this  paper  was  read  before  the  Royal  Society  of  Edinburgh, 
July  6,  1885.  The  observations  on  which  it  is  based  were  made  in  the 
bacterological  laboratories  of  the  University  of  Edinburgh.  Such  increased 
facilities  for  making  these  observations  are  now  provided  in  the  departments  of 
Practice  of  Physic,  Surgery,  and  Pathology,  that  one  is  led  to  expect  that 
advanced  students  and  medical  men  will  make  use  of  them,  under  the  guidance 
of  the  several  professors,  in  attempting  to  solve  some  of  the  problems  to  which  J^he 
germ  theory  of  disease  has  giren  rise. 
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correspond  to  the  amount  of  labour  which  has  been  expended 

on  these  studies. 

The  main  facts  and  principles,  as  advanced  by  the  leaders  in 

the  work,  have  been  confirmed  or  reaffirmed,  and  much  valuable 
material,  which  in  the  near  future  may  form  a  basis  of  further 
operations,  has  been  accumulated ;  but  as  to  any  development  of 
our  knowledge  of  the  relations  of  micro-organisms  to  tissue 
elements  in  diseased  conditions,  the  outlook  at  one  time  seemed 
far  from  promising.  Becently,  however,  numerous  attempts 
have  been  made  to  graft  the  results  of  more  perfect  methods  of 
observation  on  the  fundamental  theory  of  cellular  pathology. 
The  pathologist,  as  a  student  of  biology,  is  called  upon  to 
explain  inherited  variability  in  cells,  and  to  interpret  aright  the 
numerous  processes  which,  minute  or  almost  imperceptible  in 
the  cell  unit,  in  the  aggregate  constitute  a  disease.  He  must  also 
in  some  cases  explain  how  this  unit  may  be  the  subject  of  very 
material  alterations  without  giving  rise  to  any  serious  patho- 
logical manifestation.  Conversely  the  student  of  the  normal 
vital  phenomena  of  the  cell  must  necessarily  appreciate  the 
striking  analogies  which  exist  between  morbid  and  normal  cell 
processes. 

Mr  Geddes,  in  a  paper  "On  a  Bestatement  of  the  Cell 
Theory,"  read  before  the  Eoyal  Society  of  Edinburgh,^  re- 
states the  views  of  Goodsir  and  Yircbow,  that  "  all  variations  are 
ultimately  cellular,"  and  then  goes  on  to  say  that  "pathological 
changes  are  simply  definable  as  those  variations  which  happen 
not  to  be  conducive  to  success  in  the  struggle  for  existence," 
and  that  "variation  and  disease  in  the  cell  are  closely  akin." 
Taking  these  as  a  statement  of  the  present  position  of  the  cell 
theory,  it  will  be  curious  to  observe  how  the  life*  cycle,  or  parts 
of  it,  may  be  traced  in  those  processes  which  are  initiated  by 
the  presence  of  micro-organisms. 

Taking  the  function  of  cells,  Goodsir  affirms  that  growth 
and  secretion  are  identical  in  kind,  and  that  "  secretion  "  in  the 
one  case,  and  "formed  material"  in  the  other,  are  external 
manifestations  of  the  same  vital  activity  in  the  cell.  It 
is  found  that  these  external  manifestations  can  be  varied 
by  modifying  the  conditions  by  which  the  cell  is  surrounded, 

^  Proc.  Soy.  Soe»  Edin.,  V6l.  zli,  1888-84,  Dec.  8,  1888. 
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and  these  modified  manifestations  must  be  regarded  as  an 
index  of  the  condition  of  altered  function  within  the  cell. 
That  some  such  idea  as  this  has  gradually  become  prominent  is 
evidenced  by  the  fact,  that  in  most  of  the  definitions  of  disease 
it  is  actually  stated  that  a  diseased  process  is  but  a  variation  of 
the  normal  physiological  process ;  although  this  view  is  seldom 
carried  so  far  as  to  include  the  essential  phases  of  cell  variation. 

Sanders,  in  his  lectures,  defined  disease  as  *' perverted  anatomical  and 
physiological  functions  and  parts." 

Goats  1  says — "  It  may  be  said  indeed  that  the  pathological  processes 
are  merely  the  physiological  ones  altered." 

Greenfield — "Anything  which  impairs  the  processes  of  life"  =  Disease. 

I  Normal  structure  1 

"  Health  =  <        „      function  >  +  life. 

(       „      conditions  of  existence  j 
A  deviation  from  any  of  these  theoretically  constitutes  a  disease,  but 
this  is  not  absolute." 

Hamilton — "  Health  is  the  average  condition  of  a  large  number  of 
instances,  and  is  purely  an  arbitrary  standard."  Hence  he  supposes 
that  the  transition  from  health  to  disease  must  be  imperceptible,  and 
that  physiological  and  pathological  processes  merge  into  one  another. 

Ziegler  ^  says — "  By  disease  we  merely  imply  a  phase  of  life  whose 

manifestations  deviate  in  some  way  from  the  normal  type " 

"the  deviation  being  conditioned  by  external  influences," 

"  the  notion  of  disease  is  thus  at  the  outset  a  physiological  notion." 

We  might  sum  up  the  definitions  of  disease  in  such  a  phrase 
as  "vital  processes  under  abnormal  external  conditions."  In 
the  present  paper  we  intend  to  deal  with  one  group  of  these 
external  abnormal  conditions  only — ^that  supplied  by  the  presence 
of  micro-organisms. 

The  subject  must  be  approached  in  turn  from  two  points  of 
view — (1)  as  to  the  nature  and  function  of  the  external  reagent 
which  acts  on  the  cell, — represented  in  this  case  by  the  micro- 
organism ;  and  (2)  as  to  the  nature  of  the  alterations  and  reac- 
tions set  up  in  the  element  acted  upon, — represented  by  the 
tissue  changes.  In  connection  with  these  two  aspects,  some 
most  interesting  generalisations  may  be  made,  not  only  as 
regards  the  tissues  on  which  the  micro-organisms  act,  but  as 
to  the  micro-organisms  themselves. 

It   has  been    proved    experimentally  that  micro-organisms 

1  A  Mamuil  of  Pathology^  p.  2,  1883. 

^  OenercU  Pathological  Anatomy,  Macftlister*8  translation,  London,  1883,  p.  4. 
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act  upon  complex  nitrogeDoaB  bodies,  as  do  several  classes 
higher  in  the  organic  scale,  tjg,^  animals  and  insectivorous 
plants,  by  a  process  very  nearly  allied  to  true  digestion.  Their 
function  from  a  chemical  point  of  view,  as  Frankland  has 
pointed  out,  is  analytical  and  not  synthetical,  and  by  this 
difference  they  are  at  once  widely  separated  from  the  majority 
of  the  more  specialised  members  of  the  vegetable  kingdom. 

Their  vital  action  is  found  to  carry  out  this  idea  of  their 
classification  as  Ferments,  for  they  at  once  fall  under  the 
chemist's  definition  of  this  class.  Hoppe-Seyler  ^  defines  them 
as  ''organic  substances,  which  are  themselves  easily  alterable, 
are  constantly  endowed  with  the  power  of  decomposing  HgOj, 
and  with  the  addition  of  watery  elements  are  capable  of 
changing  organic  matters,  in  such  manner  as  to  produce  bodies 
of  a  less  heat-producing  power  than  those  from  which  they  have 
been  derived.  They  produce  this  effect  only  within  certain 
limits  of  temperature ;  they  are  destroyed  at  or  before  reaching  a 
temperature  of  100''  C,  most  of  them  in  fact,  at  GO""  C,  in  the 
presence  of  water ;  and  they  appear  to  be  in  no  way  disorganised 
by  the  fermentative  processes  to  which  they  give  rise."  In 
carrying  on  their  analytical  functions  the  same  sequence  is 
followed  as  in  the  digestion  of  albuminoid  matters  by  animal 
digestive  secretions.  For  instance,  from  an  insoluble  albumen, 
as  fibrin^  there  is  first  formed  a  globulin  substance  akin  to 
myosin.  Subsequently  peptone,  ammonia  compounds,  leucin 
tyrosin,  indol,  and  butjrric  acid  may  make  their  appearance. 
In  the  long-continued  action  of  such  ferments,  the  peptones 
formed  are  themselves  broken  up,  after  a  certain  stage,  into 
simpler  products,  such  as  COj  and  H.  The  process  may  be 
characterised  as  one  of  disintegration,  in  which  insoluble  complex 
substances  become  less  complex,  soluble,  and  hence  absorbable. 
Further  than  this,  Pasteur  has  recently  expressed  the  opinion, 
based  on  numerous  analogies,  that  perfect  digestion  in  animals 
cannot  take  place  without  the  presence  of  micro-organisms,  and 
that  it  is  by  their  aid  that  the  series  of  analytical  processes  is 
carried  on  by  which  insoluble  albuminoids  become  soluble  and 
susceptible  of  absorption,  and  Duclaux  has  found  that  the 
process  of  caseation  observed  in  tissues  invaded   by  certain 

1  Phtftiologuche  Chemie,  p.  118,  Berlin,  1881. 
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organisms  (tubercle),  is  due  to,  or  at  least  advances  pari  passu 
with,  the  production  of  a  ferment,  which  has  the  same  action 
upon  milk  as  trypsin  or  pancreatic  juice.  It  is  only  when  the 
ferments  they  produce  have  acted  upon  the  tissues  that  micro- 
organisms can  obtain  food  in  a  soluble  and  absorbable  form 
which  they  can  apply  to  their  own  nutrition  and  development. 
They  live,  as  it  were,  only  by  actively  preparing  their  own  food. 
The  soluble  material  thus  produced  is  not,  however,  applied 
solely  to  the  uses  of  the  micro-organisms.  The  same  soluble 
products  of  the  ordinary  processes  of  digestion  are  equally  well 
adapted  for  absorption  by  the  tissue  elements  of  the  animal 
within  which  these  processes  occur.  Digestion  then,  from  this 
point  of  view,  is  a  process  of  fermentation,  in  which  the  micro- 
organisms do  not  utilise  the  whole  of  the  material  on  which 
they  act,  but  set  free  a  very  large  proportion  of  elaborated  food 
material,  which  may  be  applied  to  the  uses  of  the  organisation 
in  which  the  process  is  carried  on.  In  the  tissue  of  their  host 
this  same  law  holds  true.  The  micro-organisms  elaborate  a 
ferment,  the  action  of  which  is  to  digest  surrounding  tissues 
and  to  render  them  capable  of  being  applied  to  the  nutritive 
requirements  of  the  organisms  themselves. 

It  must  be  remembered  here,  that  in  the  case  of  no  organism 
is  one  product  and  one  product  orUy  evolved.  Taking  the  yeast 
plant  as  a  type,  we  find  that  alcohol  and  carbonic  acid  are  not 
the  only  results  of  its  activity.  It  produces  also  fat,  and 
cellulose,  and  such  quantity  of  its  own  complex  cell-substance 
as  will  provide  for  its  large  increase  in  aggregate  bulk.  So  in 
the  various  species  of  organisms  that  we  have  to  deal  with, 
the  elaborated  products,  though  in  the  main  similar  to  one 
another,  comprise  as  a  rule  in  each  case  a  minute  quantity  of  a 
specific  substance,  and  it  is  this  substance  which  in  pathogenetic 
species  appears  not  only  to  render  dead  material  soluble  and 
absorbable,  but  to  prepare  living  or  only  slightly  devitalised 
tissues  for  further  assimilative  processes  on  the  part  of  the 
organisms.  But  beyond  this,  in  some  cases,  a  product  is  elabor- 
ated, which,  acting  as  an  antiseptic,  destroys  the  vitality  of  the 
organism  which  produced  it 

The  existence  of  these  special  products  is  now  generally 
acknowledged.    They  are  not  necessarily  accompanied  in  their 
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distribution  by  the  organiBm  which  produced  them,  from  their 
greater  dififusibility.  The  organism  will,  however,  usually  be 
found  at  some  point  whence  absorption  of  its  products  might 
occur.  In  those  cases  where  it  is  not  found  in  such  a  position, 
and  where  typical  traces  of  its  action  may  be  met  with,  we 
have  abundant  evidence  that,  owing  to  the  exhaustion  of  the 
material  necessary  for  its  nutrition,  it  has  ceased  to  exist,  but 
it»  progeny  have  migrated  to,  and  are  found  in,  less  altered 
tissues  in  the  immediate  neighbourhood,  prepared  For  their 
reception  by  the  products  of  the  primary  fermentative  process, 
and  in  this  way  the  infective  process  is  continued  and  extended 
from  point  to  point.  Continuing  the  analogy  between  the 
iafective  processes  set  up  by  pathogenic  organisms,  and  the 
processes  of  digestion  and  fermentation,  it  will  appear  that,  as  in 
the  latter,  when  one  organism  has  completed  its  task  another 
steps  in  and  takes  it  place  (as  in  the  case  of  mycoderma 
following  torula  in  malted  liquors),  so  in  the  tissues,  after  one 
micro-organism  has  produced  partial  disorganisation  another 
may  appear  and  complete  the  process  of  disintegration.  How 
frequently,  for  instance,  does  a  pysemic  condition  supervene 
on  a  tubercular  process.  How  often  has  a  patient  suffering 
from  tubercular  abscess  of  the  kidney  or  of  the  lung,  succumbed 
at  last,  not  to  this  disease,  but  to  pyaemia  of  a  well-marked 
type,  in  which  a  poison  far  more  reaching  and  deadly  than 
the  tubercular  product  has  been  rapidly  generated  and  diffused 
through  the  system,  by  the  introduction  of  another  organism 
into  dead,  though  hitherto  but  slightly  irritant  tissues. 

Turning  next  to  the  reactions  brought  about  in  the  cell 
elements  of  the  invaded  tissues,  we  shall  find  that  the  reac- 
tionary changes  bear  a  definite  relation  to  the  nature  of  the 
irritant  and  the  conditions  under  which  it  is  applied.  Under 
normal  and  constant  conditions,  we  might  anticipate  that  the 
cells  constituting  one  of  the  higher  animals  would  continue  to 
be  reproduced  at  a  fixed  rate,  to  perform  their  function  and  die, 
a  regular  proportion  of  young,  functionally  active,  and  dying 
cells  being  maintained  throughout ;  we  know,  however,  that  such 
a  cycle,  unless  interrupted,  goes  on  for  a  certain  period  only,  and 
that  there  comes  a  time  at  which  reproduction  is  not  equal  to 
removal,  and  that  consequently  organic  death  takes  place,  and 
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the  species  dies  out  if  the  process  is  not  again  commenced  ah 
ovo. 

But  there  are  conditions  in  which  there  is  interference  with 
the  regular  cycle.  The  external  conditions  or  moulding  forces 
may  be  so  altered  that  the  reaction  of  the  tissues  to  these  forces 
manifests  itself  in  a  form  which  varies  somewhat  from  that 
observed  under  normal  conditions. 

In  passing,  we  may  note  that  the  same  holds  true  of  micro- 
organisms ; — put  them  under  favourable  conditions,  and  each  will 
pass  through  a  definite  cycle,  manifesting  the  different  stages  by 
definite  signs  or  appearances,  and  reacting  on  tissues  in  the  same 
manner  in  each  case.  Alter  the  conditions,  change  the  nature  of 
the  tissues  or  of  the  fluids  in  which  the  micro-organisms  are 
placed,  and  there  will  be  altered  reaction  on  their  part. 

Amongst  the  various  external  causes  which  may  modify  the 
life  cycle  of  a  cell,  are  those  usually  included  under  such  terms 
as  stimulants,  irritants,  depressants,  &c.  In  studying  the 
phenomena  of  inflammation,  the  surgeon  is  constantly  brought 
into  contact  with  these  modifying  conditions.  Chiene,  in  his 
Lectures  on  the  Principles  and  Practice  of  Surgery,  enumerates, 
as  the  exciting  causes  of  inflammation — (1)  mechanical  injuries ; 
(2)  chemical  agents ;  (3)  heat  and  cold ;  (4)  putrefaction ; 
(5)  foreign  bodies,  from  without  or  from  within.  These,  with 
certain  predisposing  causes,  may  be  regarded  as  the  external 
modifying  conditions  under  which  the  reactions  of  the  tissues 
are  markedly  altered,  and  it  is  to  those  included  under  or  akin 
to  putrefaction  that  we  wish  to  draw  attention ;  that  is,  to  those 
dependent  upon  the  presence  and  action  of  micro-organisms. 

The  mere  presence  of  micro-organisms  in  the  body  may, 
from  an  etiological  point  of  view,  be  a  matter  of  but  slight 
moment.  They  may,  as  a  matter  of  fact,  be  detected  in  enor- 
mous numbers  on  all  the  free  cutaneous  or  mucous  surfaces,  but, 
in  a  healthy  body,  they  do  not  pass  further;  they  are  most 
definitely  confined  to  these  positions,  and  one  of  the  most  diffi- 
cult problems  to  be  solved  is  met  with  at  the  very  outset, — what 
prevents  the  entrance  of  these  micro-organisms  into  the  tissues,  and 
why  do  they  not  migrate  from  free  surfaces  to  the  deeper  tissues  ? 

Lister  maintains  that  the  chief  factor  in  the  prevention  of 
this  invasion  is  the  vitality  of  the  tissues,  and  that  this  rule 
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holds  good,  not  only  as  regards  healtliy  superficial  tissues,  and 
those  more  deeply  situated,  but  that  it  is  also  true  of  two 
perfectly  healthy  mucous  membranes,  or  even  of  two  fresh  cut 
surfaces  when  brought  into  close  apposition.  Micro-organisms 
can  neither  enter  nor  develop  in  healthy  tissues,  should  they 
come  in  contact  with  tbem.  He  illustrated  these  points  by  a 
reference  to  the  phenomena  observed  in  the  urethra,  and  in  con* 
nection  with  healing  by  first  intention.  In  a  healthy  urethra 
there  are  no  mici-o-organisms  beyond  the  meatus  urinarius,  whilst 
in  a  wound  the  presence  of  such  organisms  between  the  two 
surfaces  would  be  fatal  to  healing  by  first  intention  ;  a  form  of 
healing  familiar  to  all  surgeons.  Tissues  may  then  be  said  to 
have  a  standard  vitality,  by  the  aid  of  which  they  can  resist  the 
attacks  of  micro-organisms,  but  should  this  vitality  be  impaired 
in  the  slightest  degree,  an  invasion  is  at  once  rendered  possible. 
Under  normal  conditions  these  minute  organisms  and  their  pro- 
ducts would  be  rigorously  excluded  from  the  tissues  of  the  body, 
and  it  is  only  when  the  general  vitality  of  the  body  is  depressed, 
as  by  cold,  want  of  food,  loss  of  sleep,  and  irregular  habits,  or 
when  there  is  local  depression,  as  in  injuries,  catarrhs,  &c.,  that 
invasion  becomes  possible. 

In  the  same  way,  fear,  anger,  or  other  strong  emotion  may  act 
by  altering  both  secreting  tissue  and  secretions,  and  so  inter-r 
fering  with  the  proper  nutrition  of  the  tissues  and  lowering 
their  vitality.  These  altered  secretions  seem  to  play  a  most 
important  rdle  in  accelerating  or  retarding  the  development  of 
micro-organisms.  Some  forms  of  organisms  normally  present 
in  inconsiderable  numbers,  and  others  which  under  ordinary 
conditions  are  altogether  absent,  may  in  these  altered  circum-r 
stances  make  their  appearance  in  enormous  numbers,  often  to 
the  exclusion  of  those  usually  met  with.  Especially  is  this  the 
case  where,  in  addition  to  the  alteration  in  the  secretions,  there 
is  imperfect  removal  of  the  excreta.  Such  retained  excreta  may 
become  so  modified  as  to  constitute  an  additional  source  of 
irritation,  and  they  may  be  the  focus  in  which  soluble  irritants 
are  produced,  and  from  which  these  are  absorbed,  and  so  give 
rise  to  local  or  remote  reactions.  It  may  here  be  not  out  of 
place  to  point  out  how  important  are  the  mechanical  and 
structural  peculiarities  of  an  organ  or  part  in  determining  the 
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reactions  of  the  tissues  and  micro-organisms  upon  one  another. 
Under  the  first  heading  may  be  enumerated  constrictions,  pouches, 
cavities,  and  wounds,  internal  or  external,  in  any  of  which 
there  may  be  accumulations  of  fluids  or  excreta.  Such  accumula- 
tions afford  a  capital  nidus  and  supply  abundant  pabulum 
to  organisms,  which  without  such  a  resting-place  and  food  could 
not  lay  siege  even  to  weakened  tissues  with  any  chance  of 
success.  They  further,  by  their  direct  action  upon  the  tissues, 
greatly  diminish  the  resisting  power  not  only  of  the  tissues  with 
which  they  are  immediately  in  contact  but  also  of  the  organism 
as  a  whole.  How  true  this  is  can  best  be  appreciated  by  those 
who  have  had  experience  of  cholera  and  similar  epidemics,  of 
dysentery,  of  pouched  surgical  wounds,  pneumonieis,  and  other  J 

conditions  where  irritant  accumulations  are  present.  Under  the 
heading  of  structural  peculiarities  of  a  part,  in  relation  to  its 
power  of  resistance  against  the  attacks  of  micro-organisms,  come 
the  "structure,  function,  and  arrangement  of  the  epithelium 
covering  the  surface;  the  position  of  the  surface  and  its  relations 
first  to  the  external  world,  and  second  to  the  deeper  tissues,  > 

especially  to  the  lymphatics;  the  number,  size,  and  relations  of 
these  lymphatics ;  the  tissues  in  which  they  occur ;  the  density, 
vascularity,  and  vitality  of  these  tissues  and  the  relations  of  the 
lymphatics  to  the  small  veins."  ^ 

Wood   and  Formad^  pointed  out  how  important  several  of  • 

these  factors  are  in  connection  with  diphtheria,  and  similar 
importance  may  be  attached  to  them  in  almost  all  other  conditions 
that  are  associated  with  the  multiplication  and  development  of 
micro-organisms  in  the  tissue.  In  tuberculosis,  for  instance,  which 
for  the  present  we  may  regard  as  "  a  specific  infective  disease 
due  to  the  presence  and  activity  of  a  certain  minute  organism, 
how  is  it  that  certain  individuals  are  attacked  whilst  others 
escape,  that  in  those  attacked  the  organ  most  frequently  assailed 
is  the  lung,  and  that  the  selective  process  goes  a  step  further, 
and  that  the  apex  of  the  lung  is  specially  affected?"*  In  the 
case  of  the  mouth,  fauces,  trachea,  and  air  passages  generally,  it 
may  be  easily  understood  that  these  are  not  affected  by  the 

^  Pathological  Mycology,  p.  6. 

*  Nat.  Board  Health  BiUL,  Waahington,  1880. 

•  Path.  Mycology,  loc,  eit. 


RELATIONS  OF  MICRO-ORGANISMS  TO  TISSUE  ELEMENTS.        85 

bacillns,  as  "  there  is  a  continual  emptying  of  these  cavities,  a 
constant  ebb  and  flow  of  air,  and  also  of  the  materials  which 
this  air  carries  with  it."  Such  a  state  of  unrest  is  fatal  to  the 
growth  of  most  micro-organisms.  This  tidal  change  is  found  in 
the  whole  of  the  healthy  lung  in  which  there  is  full  expansion 
and  contraction.  As  has  been  fully  recognised  by  the  older 
physicians,  such  expansion  and  contraction  fail  first  at  the  apex, 
the  tidal  change  ceases,  and  phthisis,  post  hoc,  and,  as  this  would 
indicate,  propter  hoc,  first  manifests  itself  in  this  position.  In 
the  lungs  of  children  where  there  has  been  great  enlargement 
of  a  bronchial  gland,  or  where  from  any  other  cause  there  has 
been  pressure  upon  and  partial  or  complete  closure  of  a  bronchus 
leading  to  one  of  the  lower  parts  of  the  lung,  the  tubercular 
nodules  appear  first  not  at  the  apex  necessarily,  but  in  the  lower 
area  in  which  the  tidal  change  is  incomplete  or  absent,  and 
where  in  consequence  there  is  an  accumulation  not  only  of  what 
enters  or  has  entered,  but  of  what  normally  should  escape. 

A  bacillus  effecting  an  entrance  to  an  air  vesicle  in  either  of 
such  areas  has  everything  in  its  favour.  "It  is  not  readily 
dislodged,  it  is  at  rest,  it  is  supplied  with  ample  food  stuff,  it 
has  an  altered  epithelial  surface  on  which  to  act,  and  it  is  on  a 
surface  between  which  and  the  neighbouring  lymphatics  there  is 
the  closest  commuuication."  In  the  upper  part  of  the  respiratory 
tract  all  the  structural  peculiarities  are  against  the  bacillus. 
In  the  mouth  there  is  a  thick  covering  of  squamous  epithelium, 
which  can  withstand  the  attacks  of  the  most  vigorous  micro- 
organism (unless  it  develops  with  extreme  rapidity),  and  so  act 
as  an  impassable  barrier  between  the  micro-organism — in  this 
case  the  tubercle  bacillus — and  the  lymphatics.  In  the  lower 
parts  of  the  respiratory  tubes  there  is  still  an  epithelial  barrier 
in  the  form  of  well-developed  ciliated  columnar  cells.  It  is  the 
function  of  these  cells  to  pass  on  from  one  to  another  along  with 
mucus,  particles  of  dust,  &c.,  the  bacillus  which  is  seeking 
lodgment  for  a  suflScient  length  of  time  to  be  able  to  develop 
morphologically  and  physiologically.  That  invasion  of  these 
tissues  but  seldom  occurs  is  evidenced  by  the  extreme  rarity  of 
tubercle  in  the  positions  above  mentioned  except  towards  the 
termination  of  a  case  of  tuberculosis.  In  the  terminal  air 
cavities,  however,  as   we  have  already  seen,  there  is  almost 
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perfect  rest  under  certain  conditions,  the  tissues  are  less  resistant, 
there  is  no  continuous  transference  of  secretion  which  might 
help  in  the  removal  of  the  bacillus,  the  lymphatics  are  readily 
reached,  and  the  bacilli,  with  everything  in  their  favour,  carry  on 
an  attack  which  results  in  tuberculosis. 

Apart  from  such  obvious  structural  characteristics  as  those 
above  mentioned  as  favourable  to  their  ingress,  the  question  as 
to  the  invasion  of  the  deeper  tissues  by  micro-organisms  is  one 
that  presents  many  difficulties.  The  means  by  which  the  micro- 
organism retains  its  vitality  until  it  reaches  a  weak  point  must 
for  the  present  remain  a  matter  of  conjecture.  It  might  be 
supposed  that  the  transference  through  the  healthy  tissues  is  so 
rapid  that  the  organism  does  not  lose  its  vitality  nor  its  power 
of  attacking  the  devitalised  tissue.  Or,  it  might  be  suggested, 
that  it  is  protected  by  the  material  in  which  it  originally 
flourished,  a  part  of  which  is  carried  along  with  it,  or  by 
surrounding  organisms  which,  although  themselves  devitalised, 
form  a  protecting  shield  around  it. 

A  general  classification  of  the  action  of  micro-organisms,  based 
on  the  clinical  characters  and  localisation  of  the  invasions,  may 
be  drawn  up :  and  working  on  this  classification  these  dififerent 
modes  of  action  directly  upon  the  tissues,  or  on  the  organism 
as  a  whole  in  dififerent  diseases,  may  be  stated  as  follows : — 

1.  As  in  the  soft  sore  virus  this  action  may  be  purely  local 
and  confined  to  one  area,  beyond  which  neither  the  micro- 
organism nor  its  products  have  any  efiect. 

2.  There  may  be  a  purely  local  action  in  the  first  instance, 
but  this  localisation  is  only  temporary.  The  invasion  goes  on 
in  stages,  point  after  point  being  attacked.  The  spores 
developed  at  one  point  are  transported  to  others,  and  so  the 
process  goes  on  intermittently,  as  in  actinomycosis. 

3.  The  organism  may  be  limited  to  a  definite  tract,  but  its 
products  may  be  diffused  throughout  the  whole  of  the  invaded 
organisation  as  in  certain  cases  of  septicaemia. 

4.  There  is  no  limitation  to  the  sphere  of  activity  of  the 
micro-organism,  which  with  its  irritant  products  may  penetrate 
to  all  parts  of  the  tissues,  and  so  give  rise  to  a  general  disease, 
as  in  the  case  of  the  organisms  which  give  rise  to  the  specific 
fevers. 
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In  all  these  cases  several  factors  must  be  taken  into  account 
in  considering  the  changes  which  result  from  the  presence  during 
their  life-history  of  micro-organisms  in  the  tissues. 

(A.)  They  may  act  merely  as  mechanical  irritants,  just  as  so 
many  particles  of  carbon  or  of  stone  when  taken  into  the 
lymphatics  of  the  lung.  In  stone  masons'  phthisis,  for  instance, 
the  granulomata  met  with  are,  during  certain  stages,  almost 
identical  in  appearance  and  in  structure  with  those  found  in  a 
case  of  chronic  tuberculosis.  Further,  the  changes  in  the 
adventitia  of  the  vessels  of  the  lung  and  the  arteritis  obliterans 
observed  in  these  vessels  are  optically  identical  in  the  two 
diseases ;  and  the  gummatous  masses  met  with  in  stone  masons' 
lungs  are  formed  in  much  the  same  manner  as  are  tubercular 
caseous  masses  and  caseous  syphilitic  gummata.  These  are  at 
least  to  some  extent  due,  as  maintained  by  Heubner,  Friedlaender, 
Greenfield,  and  others,  to  a  cutting  off  of  the  blood  supply 
through  the  complete  obliteration  of  the  arteries  which  originally 
supplied  the  caseating  area.  Thus,  the  mechanical  action  of 
unorganised  foreign  elements  demonstrates  at  least  the  possibility 
that  organised  foreign  elements  act  in  a  similar  purely  mechanical 
fashion. 

(B.)  That  this  mechanical  action  does  not  explain  all  the 
phenomena  observed  in  bacterial  invasions  is  proved  by  the 
fact  that  marked  tissue  changes  are  found  in  regions  remote 
from  those  in  which  the  pathogenetic  organism  occurs.  Even 
in  the  locality  where  bacteria  are  present,  certain  tissue  re- 
actions are  observed,  which  cannot  be  explained  except  by  the 
theory  that  there'  is  present  an  elaborate  chemical  irritant ;  an 
instance  of  this  is  supplied  by  the  necrotic  changes  observed 
by  Pasteur  in  the  muscle  of  a  fowl  at  the  seat  of  inoculation  in 
chicken  cholera.  It  would  appear  then  that  the  micro-organism 
during  its  life  cycle  produces  an  irritant  product  or  ptomaine, 
which,  in  some  forms,  is  so  constituted  that  it  can  act  merely 
locally,  whilst  in  others  it  is  capable  of  rapid  absorption  and 
transmission  by  the  tissues,  and  produces,  in  consequence,  general 
and  far-reaching  effects  on  the  organism, 

(C.)  In  the  third  place,  it  is  probable  that  in  certain  forms 
there  is,  in  addition  to  the  above  factors,  a  more  subtle  physico- 
chemical  or  molecular  reaction  between  the  micro-organisms 


88 


DK  G.   S.   WOODHEAD  AND  MB  A.    W.   HAKE. 


and  the  tissue  elements  which  may  give  rise  to  local  or  general 
changes,  such  changes  being  comparable  to  those  brought  about 
by  the  action  of  the  sperm  cell  on  the  germ  cell  or  ovum.  In 
addition  to  the  foregoing  general  features  of  bacterial  action,  the 
five  following  types  of  tissue  reaction  may  be  taken  as  illustra- 
tive of  the  principal  pathological  processes  of  micro-organismal 
origin. 

1.  SepticcBmia — in  which  there  is  an  absorption  of  septic 
products  from  an  external  or  localised  internal  source,  but  no 
absorption  of  the  organisms  which  give  rise  to  them.  Diffusion 
of  products. 

2.  Specific  Infective  Fevers, — No  localised  source  after  period  of 
incubation.     General  diffusion  of  both  organisms  and  products. 

3.  Abscess  Formation,  —  Micro-organisras  in  area  strictly 
localised  by  "  pyogenic  membrane."    Bapid  death  of  that  area. 

4.  Tubercle, — Micro-organisms  localised.  Slower  death  and 
caseation  of  area  in  which  they  occur.  Slight  tendency  to 
fibrous  tissue  formation. 

5.  Actinomycosis, — Localisation  of  micro-organisms.  Com- 
paratively little  tendency  to  death  of  proliferated  cells.  Great 
tendency  to  fibrous  tissue  formation. 

These  types  are  exhibited  in  the  following  tabular  form : — 


Type. 

Distribution  of  Micro- 
organism. 

Tissue  reaction. 

Effect 

Septicnmia. 

Specific  infec- 
tive fevers. 

Abscess. 

Tubercle. 

Actinomycosis. 

FiXtemal  to  tissues, 
or  localised    inter- 
nally. 

General. 

Local. 
Local  (?). 

Local. 

General  (if  any). 

General. 

Rapid  local  death. 

Degeneration,  slight 
tendency  to  fibrous 
tissue  formation. 

Greater  tendency  to 
fibrous  tissue  forma- 
tion. 

Rapid     toxic 
paralysis. 

ToxiF.mia. 

Necrosis. 
Caseation. 

Fibrosis. 

The  following  points  should  be  noted  in  connection  with  the 
above  types  of  bacterial  activity  in  relation  to  the  tissues. 
1.  Septicaviia, — In  the  case  of  an  extensive  surface  injury, 
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with  complete  destruction  of  the  epidermis,  there  is  immediate 
and  extreme  danger  of  acute  septicaemia  from  the  use  of  dirty 
dressings,  or  from  other  causes  of  infection,  such  as  are  met  with 
in  large  hospital  wards.  The  devitalised  tissues,  hathed  with 
abundant  moisture,  and  kept  at  the  temperature  of  the  body, 
constitute  an  excellent  culture  surface  on  which  septic  organisms 
flourish  most  luxuriantly.  These,  without  passing  into  the 
deeper  tissues,  develop  an  absorbable  ptomaine  in  sufficient 
quantities  to  kill  the  patient. 

In  proof  of  this,  it  has  been  found  that  alkaloids  formed  during 
the  decomposition  of  animal  matter,  when  carefully  separated 
and  introduced  into  a  vein  or  even  into  the  connective  tissue, 
produce  rapid  death  by  general  toxic  paralysis.  Should  there 
be  no  immediate  absorption,  a  barrier  is  formed  by  the  rapid 
contraction  of  the  cut  ends  of  the  blood-vessels,  which  is 
associated  with  a  rise  of  blood  pressure  and  dilatation  of  the 
blood-vessels  behind  the  point  of  obstruction,  and  consequent 
exudation.  This  exudation  consists  essentially  of  blood  plasma 
and  leucocytes,  both  of  which  play  an  important  part  in  the 
formation  of  the  barrier  which  is  to  prevent  the  entrance  alike 
of  micro-organisms  and  their  products.  There  is  at  a  very  early 
period  a  pouring  out  of  the  elements  of  fibrine  into  the  lymph 
spaces  which  thus  early  become  occluded  at  certain  points, 
especially  near  the  injured  tissues.  Along  with  this,  there  is 
marked  exudation  of  leucocytes  from  the  small  vessels,  especially 
from  the  small  veins,  and  probably  also  from  the  capillaries,  in 
both  of  which  there  is  increased  pressure,  due  to  an  increased 
flow  of  blood,  and  to  obstruction  at  the  cut  ends  of  the  capillaries. 
In  consequence  of  this  increased  blood  supply  there  is  in- 
creased nutrition  and  rapid  proliferation  of  the  connective  tissue 
corpuscles. 

Here  then  the  capillaries  are  no  longer  patent  beyond  the 
margin  of  the  dead  tissue,  the  lymphatics  are  blocked  up,  and 
there  is  a  great  increase  in  the  number  of  connective  tissue 
corpuscles  or  amoeboid  cells  in  the  immediate  vicinity,  and 
there  is  thus  formed  a  complete  vital  separation  or  line  of 
demarcation  between  the  devitalised  tissues  and  those  in  which 
repair  is  to  be  attempted. 

Here  there  are  two  sets  of  tissues,  those  in  which  the  vitality 
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is  greatly  impaired  by  mechanical  or  other  injury,  and  which 
with  their  impaired  vitality  can  no  longer  withstand  the  attacks 
of  various  septic  organisms.  If  left  unprotected,  these  dead 
tissues  undergo  decomposition,  or  are  digested  by  the  micro- 
organisms, and  in  this  process  of  digestion  there  is  an  enormous 
development  of  ptomaines,  so  that  there  are  present  in  this  mass 
of  decomposing  tissue  both  micro-organisms  and  their  products. 

The  second  set  of  tissues  consists  of  those  in  which  the 
vitality,  though  slightly,  is  only  partially  impaired.  In  them 
the  lymph  spaces,  however  minute,  are  filled  with  active 
amoeboid  cells,  the  source  and  mode  of  origin  of  which  for  the 
present  may  be  left  out  of  account,  though  it  is  evident  that 
the  increase  in  the  number  of  amoeboid  cells  is  connected 
directly  or  indirectly  with  changes  in  the  blood-vessels  and 
lymphatics  in  and  around  which  they  occur. 

These  amoeboid  cells  appear  to  act  the  part  of  protective 
elements  to  the  deeper  tissues,  as  they  come  to  the  free  surface 
they  attack,  and,  as  is  now  recognised,  absorb  and  digest  not 
only  the  dead  tissues  but  also  the  micro-organisms  and  their 
products.  Metschnikoff  ^  contends,  in  connection  with  the 
above,  that  there  is  an  intimate  relation  between  the  presence 
of  micro-organisms  and  the  emigration  of  amoeboid  cells.  During 
the  process  of  absorption,  although  there  may  be  an  actual 
increase  in  the  nutrition  available  for  the  use  of  the  cell,  the 
relative  nutrition  for  the  increased  amount  of  work  the  cell  has 
to  perform  may  be  diminished,  its  vitality  is  impaired,  or  it 
may  even  die  altogether.  As  such  cells  die,  they  are  thrown 
off  from  the  free  surface,  or  some  of  them  are  attacked  in  turn 
by  the  active  cells  behind  them,  and  so  the  process  goes  on. 
The  whole  process  may  be  demonstrated  under  the  microscope. 
At  a  certain  stage,  however,  in  consequence  of  this  digestion 
of  the  area  of  dead  tissue  near  the  healthy  zone,  there  is 
gradually  formed  a  mechanical  line  of  demarcation,  and  the 
slough  or  mass  of  dead  tissue  separates.  With  it  is  removed 
one  of  the  great  dangers  to  the  patient,  for  the  large  ptomaine 
factory  is  removed  and  a  clean  granulating  surface  is  left.  Such 
a  granulating  surface  is  always  considered  by  surgeons  to  be 
non-absorbent,  and  so  it  appears  to  be  so  far  as  micro-organisms 

^  "  History  of  Inflammatory  Process,"  QttarL  Jour,  Micr,  Sci.,  Janaaiy  1884. 
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and  their  products  are  concerned,  though  this  may  be  only 
partially  true,  as  certain  other  vegetable  alkaloids  appear  to  be 
readily  absorbed  from  such  surfaces.  This  non-absorption  is, 
however,  more  readily  understood,  if  one  bears  in  mind  that  the 
amceboid  or  digesting  cells  near  the  surface  become  inert  as 
their  vitality  is  lowered,  or  that,  as  their  protoplasm  is  over- 
stimulated,  disintegration  follows,  the  dead  corpuscles  are  thrown 
off  on  to  the  free  surface,  and  fresh  cells  from  behind  take 
their  place.  The  only  conditions  now  under  which  micro- 
organisms have  any  chance  of  invading  the  deeper  tissues,  is 
through  fresh  injury  of  the  granulating  surface,  on  which  there 
is  a  great  accumulation  of  dead  or  partially  devitalised  cells, 
which  serve  as  pabulum  for  the  ptomaine  producing  bacteria. 
The  ptomaines  produced  in  this  position  are  ever  ready  to  enter 
at  the  smallest  breach. 

The  importance  in  surgery  of  (1)  getting  rid  of  all  sloughs 
as  early  as  possible ;  and  (2)  of  making  provision,  by  means  of 
frequent  dressing  (in  septic  wounds),  for  the  continuous  removal 
of  the  separated  or  pus  cells,  and  with  them  the  micro-organisms 
and  their  ptomaines,  is  now  generally  recognised. 

2.  In  the  case  of  the  specific  fevers  there  is,  as  in  septicaemia, 
a  general  distribution  of  toxic  material  through  the  system ;  but 
here,  not  only  are  the  irritative  products  widespread,  but  also 
the  micro-organisms  which  produce  them.  The  organism  is 
thus  involved  in  a  general  invasion,  which  puts  to  the  test  its 
powers  of  resistance  as  a  whole.  In  this  type  of  morbid  action 
a  •* crisis"  frequently  occurs,  depending  upon  a  summation  of 
resisting  efforts  on  the  part  of  the  tissues,  or  on  the  exhaustion 
of  the  irritative  activity  of  the  attacking  organism;  in  either 
case  the  poison  and  the  organised  ferment  which  produces  it 
are  thrown  off  by  the  excreting  tissues  of  the  invaded  organism. 
The  special  channels  through  which  this  elimination  is  effected 
in  the  different  fevers  have  not  yet  been  clearly  defined ;  but 
it  has  been  proved  that  the  kidney  has  an  important  function 
in  this  respect  in  many  of  these  diseases,  as  has  also  the  skin 
in  the  case  at  least  of  those  of  an  exanthematous  type.  The 
evidence  collected  on  these  points  is  as  yet  very  slight,  and 
does  not  countenance  the  adoption  of  more  definite  views  on 
the  subject 
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3.  In  abscess  formation  both  the  elaborated  irritant  and  the 
micro-organism  which  produces  it  are  strictly  localised  in  their 
distribution  in  the  tissues. 

"In  the  case  of  an  acute  abscess,  an  indurated  mass  of  tissue  is 
first  noticed.  If  this  be  punctured,  no  pus  escapes;  the  tissue  reaction 
has  not  yet  reached  the  stage  of  pus  formation,  but  a  drop  of  perfectly 
clear  serum  exudes  from  the  centre  of  the  mass.  On  examination  this 
is  found  to  consist  of  a  few  lymph  cells  and  immense  hosts  of  chain 
or  cluster-forming  micrococci  floating  in  the  lymph.  If  this  puncture 
be  repeated  in  twenty-four  hours  pus  is  found  to  be  present  in  small 
quantities,  loaded  with  the  same  organisms.  If  repeated  pimctures  be 
made  at  intervals,  an  increased  quantity  of  pus  is  found  each  time, 
and  the  organisms  from  the  commencement  of  pus  formation  begin  to 
decrease,  till,  in  an  old  abscess  of  some  weeks'  standing,  no  living 
micro-organisms  are  present;  but  the  pus  is  found  to  contain  dead 
micrococci,  not  readily  recognisable,  as  they  are  partially  broken  down 
and  take  on  staining  reactions  very  feebly.  The  reason  of  this 
sequence  of  phenomena  is,  that  after  attaining  their  maximum  degree 
of  development  in  a  locally  devitalised  portion  of  tissue,  the  micrococci 
are  prevented  from  further  progress  by  the  zone  of  fully  vitalised 
tissue  around ;  and  the  powerful  vital  reaction  in  this  zone  hems  in 
the  organisms  on  every  side,  and  at  the  same  time  limits  the  formation  of 
pus  to  the  centre  of  the  affected  locality.  The  micrococci  soon  exhaust 
all  the  supplies  of  pabulum  at  their  command,  and  then  rapidly  die 
out,  being  in  many  cases  destroyed  by  their  own  effete  products  in  the 
pus ;  and  in  pus  taken  from  long  unopened  abscesses  they  have  quite 
disappeared.  Thus  the  presence  of  micrococci  in  the  tissues  precedes 
the  reactionary  changes  to  which  they  give  rise  locally  in  the  case  of 
acute  abscesses."  ^ 

These  reactionary  changes  result  in  the  rapid  necrosis  of  the 
portion  of  tissue  attacked,  beyond  which,  however,  any  invasion, 
whether  of  the  ferments  or  of  their  products,  is  prevented  by  the 
strongly  reacting  zone  which  surrounds  them. 

4.  In  tuberculosis  both  the  organised  ferment,  and  its 
irritative  product  are  localised  in  their  distribution;  but  their 
effects  are  not  so  closely  circumscribed  as  in  the  case  of  acute 
abscess  formation.  The  distribution  of  tubercle  bacilli  in  the 
affected  areas  of  the  lung  throws  some  interesting  light  upon 
this  question. 

"  Taking  the  centre  of  a  lobule,  usually  the  bronchus,  as  the  point 
from  which  to  commence  the  observation,  it  will  be  noted  that  in 
this  bronchus,  and  in  the  air  vesicles  immediately  surrounding  it, 
caseation  has  become  a  well-marked  process.  In  the  caseous  mass 
bacilli  are  found  (in  the  specimens  Under  consideration)  in  enormous 

^  Pathological  Mycology,  p.  7. 
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numbers.  Passing  from  the  caseous  centre,  it  will  be  found  that 
where  traces  of  the  original  structure  exist,  the  bacilli  are  still 
present,  but  are  not  so  numerous  as  in  the  centre.  Extending  the 
observation  to  the  margin  of  the  tubercular  mass,  it  will  be  noticed 
that  there  is  an  area  of  active  cell  proliferation,  not  confined  to  the 
endothelium  of  the  lymphatics,  but  appearing  also  in  the  epithelium 
of  the  air  vesicles.  In  this  mass  of  proliferating  tissue  there  are 
absolutely  no  bacilli  at  first ;  a  few  may  be  distinguished,  here  and 
there,  near  the  proliferating  area,  but  where  the  proliferation  is  most 
marked,  the  bacilli  are  absent  In  a  very  large  number  of  sections 
examined  this  was  invariably  the  case.  This  can  be  best  accounted 
for  on  the  theory  that  the  bacilli  during  their  growth  and  develop- 
ment secrete  or  excrete  a  chemical  substance  which  alters  the 
activity  or  vitality  of  the  cell  from  its  original  resistant  and  stable 
condition  to  one  in  which  there  is  an  increased  vegetative  activity, 
but  a  diminished  resistant  power  to  the  action  of  the  bacillus  itself. 
The  highly  organised  proteid  of  the  cell  is  thus  rendered  available  as 
food  fur  these  minute  organisms,  which  advance  in  the  track  of  their 
chemical  vanguard,  and  continue  the  process  of  disorganisation  and 
disintegration. 

'^  In  old  tubercle  masses  the  result  of  this  process  appears  in  the 
form  of  caseous  debris,  from  which  all  tubercle  bacilli  may  have  dis- 
appeared, as  they  have  selected  what  they  required,  and  have  ex- 
hausted the  materials  which  were  necessary  for  their  maintenance; 
but  whilst  doing  this  they  have,  by  setting  free  their  diffusible 
ferment,  prepared  the  tissues  in  the  immediate  neighbourhood  for  the 
reception  of  their  progeny.  In  this  way  the  process  is  continued  and 
extended." 

In  acute  tuberculosis,  as  above  described,  the  degenerative 
changes  ending  in  caseation  and  complete  disintegration  of  the 
tissaes,  constitate  a  destructive  type  of  activity.  In  certain 
forms  of  tuberculosis,  however,  where  it  runs  a  more  chronic 
course,  this  is  modified,  and  its  place  is  taken  by  a  formative 
activity  on  the  part  of  surrounding  tissues,  ending  in  fibrous 
tissue  formation.  This  occasional  outcome  of  the  tubercular 
process  links  it  closely  with  that  next  to  be  described  (actino- 
mycosis) where  such  an  outcome  is  of  very  frequent  occurrence. 

5.  As  an  example  of  the  fifth  type  may  be  instanced  one  of 
the  granulomata,  in  which  the  relation  between  the  fungus  and 
the  granulation  tissue  is  very  distinctly  marked,  and  in  which 
the  action  of  the  fungus  is  at  first  extremely  well  defined,  though 
it  afterwards  may  give  rise  to  secondary  growths  at  a  distance. 
In  actinomycosis,  a  condition  induced  by  the  presence  in  the 
tissues  of  the  **  Eay  fungus,"  many  important  features  of  parasitic 
invasion  are  strongly  accentuated,  and  in  it  one  may  study  the 
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method  of  invasion  and  the  subsequent  course  of  events  perhaps 
more  readily  than  in  any  other  growth  of  bacterial  origin. 

It  is  very  generally  acknowledged  that  the  fungus  may  be 
present  in  the  glands  of  the  mouth  and  tonsils,  as  has  frequently 
been  pointed  out  in  the  case  of  the  tonsillar  glands  of  the  pig. 
Here,  so  long  as  there  is  no  abrasion  and  no  inflammatory 
process,  the  fungus  and  its  spores  are  perfectly  innocuous.  If, 
however,  the  epithelium  of  the  glands  be  detached,  or  if  even  a 
few  cells  be  removed,  the  spores  are  carried  into  the  lymphatics, 
and  in  time  a  regular  acbinomykoma  results. 

From  a  careful  examination  of  a  number  of  specimens  from 
four  cases  of  this  affection  (wooden  tongue  of  the  cow  in  each 
case),  we  have  come  to  the  conclusion  that  the  presence  of  spores 
alone  does  not  set  up  any  very  active  cell  proliferation.  In 
many  of  the  specimens  stained  with  picro-carmine  numerous 
spores  may  be  found,  as  small  bright  yellow  rounded  bodies, 
grouped  together  or  single,  lying  in  the  lymphatic  spaces, 
especially  in  those  around  the  blood-vessels.  Although  there  is 
evidently  no  cell  proliferation  around  the  single  spores,  it  seems 
as  though  there  is  a  slight  increase  in  the  number  of  small  round 
cells  around  the  clusters. 

Where,  however,  there  is  development,  incomplete  though  it 
be,  of  the  actual  Bay  fungus,  there  the  development  of  new  cells 
becomes  a  marked  feature. 

These  facts  point  to  the  secretion  of  an  irritant  material,  which 
acts  not  only  in  the  immediate  neighbourhood  of  the  fungus,  but 
also  within  a  well-defined  radius  around  it.  How  otherwise  is 
it  possible  to  account  for  the  commencement  of  cell  proliferation 
in  the  immediate  neighbourhood  of  the  fungus  only,  or  where  a 
number  of  spores  are  grouped  together,  and  where  there  would 
be  probably  carried  with  them  a  considerable  quantity  of  the 
secretion. 

If  one  of  the  small  circumscribed  nodules  be  examined  it  will 
be  found  that  occupying  the  centre  is  the  Eay  fungus,  around 
which,  and  apparently  in  close  contact  with  the  gonidia,  are 
numerous  epithelioid  cells.  Some  of  these  cells  have  a  single 
nucleus  only,  whilst  others  have  several  surrounded  by  a  definite 
protoplasmic  mass.  In  some  specimens  there  is  in  addition  a 
network  of  formed  material  on  which  the  cells  rest. 
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It  is  rather  a  carious  fact  that  in  direct  contact  with  the 
fungus  we  have  these  epithelioid  or  endothelioid  cells,  and  that 
it  is  not  until  the  margin  of  the  nodule  is  approached  that  small 
round  or  granulation  cells  are  to  be  met  with.  Along  with  these 
granulation  tissue  cells,  which  are  almost  invariably  accumulated 
in  distended  lymph  spaces,  are  numerous  flattened  or  spindle- 
shaped  connective  tissue  corpuscles,  branches  of  which  clasp 
bundles  of  fibrillar  tissue. 

Outside  the  granulation  tissue  area  a  zone  of  dense  fibrous 
tissue  is  frequently  observed,  forming  a  line  of  demarcation 
between  the  nodule  and  the  surrounding  tissues;  but  even  in 
this,  some  of  the  lymph  spaces  are  distended  with  small  round 
cells  very  similar  in  character  to  those  already  described  as 
present  in  the  lymph  spaces  beneath  a  granulating  surfaca 

In  such  a  case  as  the  above,  it  can  scarcely  for  a  moment  be 
doubted  that  the  granulomatous  masses  are  most  intimately 
connected  with  the  invasion  of  the  tissues  by  the  Bay  fungus. 
Typical  nodules  are  found  only  where  the  fungus  is  in  active 
growth ;  the  fuogus  is  never  found  without  the  granuloma,  and 
in  these  cases  the  granuloma  is  never  found  without  the  Icay 
fungus,  and  they  must,  so  far  as  at  present  appears,  be  looked 
upon  in  the  light  of  cause  and  effect.    The  mechanical  presence 
of  the  fungus  may  give  rise  to  the  proliferation  of  cells  in  its 
immediate  vicinity ;  but  how,  without  the  aid  of  some  chemical 
agent  formed  by  the  fungus  itself,  or  as  the  resultant  of  the  action 
of  the  fungus  on  the  tissues,  can  we  account  for  the  enormous 
increase  in  number  of  the  amoeboid  cells  in  the  lymph  spaces. 
These  amoeboid  cells  seem  to  have  several  functions,  the  chief 
of  which,  however,  is  digestive,  for  by  their  presence  they  form  a 
barrier  beyond  which   the  ptomaine  or  active  stimulating  re- 
agent is  comparatively  powerless.    Not  only  do  these  cells  absorb 
the  ptomaines,  however,  but  they  absorb  also  the   formed  or 
fibrillar  material  in  their  immediate  neighbourhood,  and  thus 
get  rid  of  the  comparatively  non-resistant  material,  and  so  remove 
or  apply  to  their  own  uses  material  which  would  otherwise  form 
food-material  for  the  growing  fungus,  thus  limiting  its  power 
of  growth  and  reproduction.    This  absorption  of  formed  material 
may  be  observed  in  all  cases  of  inflammation,  and  has  a  most 
important  bearing  on  the  process.    As  a  result  of  this  zone  of 
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demarcation  it  is  found  that  immediately  outside,  the  proliferative 
activity  of  the  cells  is  diminished  as  they  are  less  stimulated,  and 
such  cells  settle  down  into  the  encysted  stage ;  a  large  quantity 
of  formed  material  is  accumulated  and  a  fibrous  zone  or  capsule 
is  produced  around  the  granulation  mass.  From  the  constant 
presence  of  this  zone  of  fibrous  tissue  it  may  be  said  that  a  con- 
structive type  of  inflammation  predominates  in  actinomycosis. 

One  of  the  most  interesting  points  brought  out  by  a  study  of 
the  granulomata,  such  as  those  above  described  and  those  met 
with  in  syphilis,  is  that  the  giant  cells,  properly  so  called,  as 
well  as  the  large  endothelioid  cells,  are  connected  with  oi'ganisa- 
tion  and  not  with  degeneration.  They  are  to  be  looked  upon  as 
cells  in  which  the  constructive  activity  predominates,  and  their 
presence  indicates  that  the  efforts  put  forth  by  the  tissues  to 
get  rid  of  bacterial  irritants  are  not  entirely  without  success.  If 
one  examines  an  abscess  in  which  bacteria  are  present  these 
endothelioid  cells  are  found  only  in  the  zone  of  resistant  tissae 
and  usually  outside  the  zone  of  amoeboid  cells.  These  endo- 
thelioid or  **  fibro-plastic  "  cells  are  here  present  in  large  numbers, 
and  have  evidently  an  intimate  connection  with  the  localisation 
of  the  micro-organisms,  if  not  as  cause,  at  least  as  effect.  In 
chronic  tuberculosis  this  relation  of  large  multinucleated 
endothelioid  cells  is  very  well  seen,  whilst  the  converse  holds 
good  in  acute  tuberculosis,  where,  except  at  the  very  commence-  • 
ment  of  the  process,  these  cells  are  relatively  far  from  numerous. 
Similar  observations  may  be  made  in  syphilitic  granulomata, 
in  glanders  nodules,  and  allied  growths.  Without  attempting 
to  enter  further  into  the  description  of  the  processes  involved  iu 
tissue  reaction  in  each  of  the  classes  above  named,  we  may 
briefly  summarise  the  main  features,  and  illustrate  them  by  one 
or  two  examples.  Amongst  the  chief  forms  in  which  cell 
activity  exhibits  itself  during  various  stages  of  the  biological 
cycle,  are,  according  to  Mr  Geddes — (I)  The  amoeboid  stage, 
where  nutritive  activity  is  well  marked,  but  where  formative 
activity  is  not  yet  distinctly  manifested,  as  the  nutritive  require- 
ments of  the  cell  are  in  excess  of,  or  are  at  least  equal  to  the 
amount  of  material  presented  to  it  or  taken  up  by  it.  Here  the 
irritation  to  which  the  cell  is  exposed  is  a  most  important  factor, 
the  activity  of  the  cell  is  enormously  increased  in  many  cases,  and 
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the  amouDt  of  nutrition  required  is  proportionately  increased ; 
unless  this  increased  quantity  is  supplied  there  is  ahrays  the 
tendency  to  proliferation  of  the  cells  rather  than  to  a  condition 
in  which  the  formative  power  of  the  cell  can  be  manifested. 

(2)  Then,  where  there  are  both  excessive  stimulation  and 
excessive  nutrition,  we  have  the  plasmodical  stage,  in  which, 
owing  either  to  aggregation  of  cells  or  to  imperfect  division  in  a 
cell  there  are  formed  large  multinucleated  masses  of  protoplasm, 
in  which  the  vital  activity  of  the  component  individual  cells  is 
not  only  summed  but  multiplied  in  the  resulting  plasmodinm. 
In  this  form  of  cell  there  is  a  latent  formative  tendency,  which 
comes  into  play  on  the  removal  of  the  excessive  stimulation. 

^  These  cells  might  be  compared  with  the  parablast  of  an  embryo 
from  which  the  excess  of  nutritive  material  is  handed  on  to  other 
cells  in  the  blastoderm  proper.  In  this  parablast  we  have  a 
large  mass  of  protoplasm  embedded  in  which  are  numerous  free 
nuclei.  It  appears  to  act  the  part  of  a  yolk  digester  for  the 
I  supply  of  food  to  the  growing  blastoderm. 

(3)  In  the  third  or  encysted  state  the  formative  activity  is  a 
more  prominent  feature  than  the  nutritive  function,  and  the  cell 
gradually  assumes  a  condition  of  quiescence,  as  in  the  formation 
of  fibrous  tissue. 

In  normal  tissues  under  normal  conditions  the  metabolic 
processes  balance  one  another.  If,  however,  the  tissues  be 
irritated,  this  balance  is  lost.  There  is  increased  activity  of  the 
cell,  during  which  the  process  of  "  aggregation  "  is  well  marked ; 
as,  for  instance,  in  cloudy  swelling  of  the  cells  of  various  organs 
during  the  early  stages  of  specific  infective  fevers.  Here, 
although  the  amount  of  food  material  actually  assimilated  may 
be  increased,  the  amount  relatively  to  the  increased  activity  of 
the  cell  may  be  diminished,  with  the  results  above  stated. 

If  the  irritation  is  continued,  the  above  stage  may  be  followed 
by  an  increased  digestive  power  or  nutritive  activity,  such  as  is 
found  in  the  plasmodial  stage  of  the  cell  cycle.  Here  again, 
however,  should  the  irritant  be  excessive,  complete  "aggrega- 
tion "  or  "  cloudy  swelling "  followed  by  disintegration  takes 
place.  Should  the  irritation  be  not  excessive,  formative  activity 
manifests  itself,  and  we  have  as  a  result  a  tissue  formation  and 
a  stage  corresponding  to  the  encysted  cell.    All  the  above  stages. 
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may  be  traced  io  one  or  other  of  the  examples  of  micro- 
organismal  irritation  noted  under  the  healings  of  Abscess, 
Tubercle,  Antinomycosis,  &c. 

From  Marshall  Ward's  recent  researches  on  the  mode  of 
reproduction  in  certain  cellular  organisms,^  it  appears  that  it  is 
possible  for  a  parasitic  fungus  to  reproduce  its  like  without  the 
direct  aid  of  a  sexual  process,  the  necessary  stimulus  to  multi- 
plication being  supplied  by  the  highly  organised  proteids  derived 
from  the  tissues  of  its  host,  which,  in  their  turn,  are  also  stimu- 
lated into  proliferation.  Applying  this  to  the  case  of  cells  in  an 
animal,  it  would  appear  that  the  stimulus  applied  by  the 
presence  of  micro-organisms  or  their  chemical  products  acts  in 
a  manner  comparable  to  the  action  of  the  male  element  upon 
the  ovum  in  setting  up  segmentation.  There  is  thus  a  re- 
appearance of  excessive  reproductive  activity  without  a  re- 
initiation of  the  process  ah  ovo.  As  pointed  out  by  Charles 
and  Francis  Darwin,  in  connection  with  their  researches  on 
insectivorous  plants,  cell  proliferation  can  be  set  up  by  effete 
products  or  other  chemical  irritants,  or  even  by  mechanical 
irritants,  and  the  reactions  thus  variously  produced,  though 
differing  greatly  in  degree,  are  absolutely  one  in  kind.  Apply 
any  irritant  to  a  surface  or  a  tissue,  and  there  results  a  cell 
proliferation,  especially  in  the  connective  tissue  group,  where 
the  increase  in  the  number  of  cells  is  extremely  marked.  With 
this  increased  cell  formation  there  is  apparently  a  taking  up  of 
the  irritant  material  by  the  cells,  and  if  one  cell  is  not  sufficient 
for  the  task,  a  number  combine  to  form  plasmodia  or  giant  cella 
That  the  taking  up  of  these  products  or  the  micro-organisms 
themselves  further  lowers  the  vitality  of  the  cell  may  be  inferred 
from  the  fact  that,  as  soon  as  it  becomes  filled  with  the  irritant 
particles,  it  dies,  aud  with  its  contained  material  acts  as  an 
irritant  to  other  cells.  The  chemical  products  then  may  be 
looked  upon  as  the  prime  movers  in  bringing  about  a  prolifera- 
tion of  the  cells  with  which  they  come  ia  contact,  which  pro- 
liferation is  an  indication  of  an  effort  on  the  part  of  the  cells 
to  get  rid  of  the  irritant  material  by  which  their  resisting  power 
is  subjected  to  so  great  a  strain. 

*  H.  Marshall  Ward  "On  the  Sexuality  of  the  Fungi,"  Quart.  Jour,  Micros, 
Set.,  April  1884. 
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In  the  foregoing  brief  sketch  we  have  attempted  to  give  a 
summary  of  the  pathological  processes  in  which  micro-organisms 
are  present  as  causal  agents ;  and  we  have  endeavoured  to  bring 
forward  evidence  in  support  of  the  theory  propounded  by 
Goodsir  and  Virchow,  that  pathological  processes,  as  observed  in 
cells,  are  simply  physiological  processes  under  abnormal  con- 
ditions. 


THE  BLOOD-FORMING  ORGANS  AND  BLOOD-FORMA- 
TION :  An  Experimental  Research.^  By  John  Lockhart 
Gibson,  M.T),,fannerl7/  Senior  Demonstrator  of  Physiology, 
University  of  Editihurgh. 

In  publishing  a  Thesis  which,  as  may  be  inferred  from  its 
title,  had  necessarily  to  be  a  long  one,  and  therefore  could 
not  all  appear  in  one  number  of  a  journal,  I  find  it  advan- 
tageous to  divide  it  more  distinctly  into  three  parts  than  I  did 
when  sending  it  in  manuscript  form  to  the  University. 

As  it  is  necessary  first  to  come  to  as  clear  a  conclusion  as 
possible  with  regard  to  the  number  and  nature  of  the  elements 
found  in  the  blood,  before  proceeding  to  inquire  into  the  organs 
which  produce  them,  the  first  part  of  my  paper  will  be  on  the 
elements  ''found''  in  the  blood  in  addition  to  the  red  and  white 
corpuscles.  The  second  part  will  deal  with  the  blood-forming 
organs,  including  the  spleen,  bone-marrow,  and  lymphatic  glands. 
The  third  part  will  deal  with  the  thyroid  gland. 

Part  I. — On  the  Elements  "  found  "  in  the  Blood  in  addi- 
tion TO  the  Red  and  White  Corpuscles. 

The  elements  "  found  "  in  the  blood  in  addition  to  the  ordinary 
red  and  white  blood-corpuscles,  are  four  in  number ;  although 
some  would  consider  that  the  number  three  would  include  them 
all.  Concerning  these  additional  elements,  there  is  much  con- 
fusion and  much  difference  of  opinion ;  as  will  readily  be  under- 
stood, when  I  mention  that  each  of  the  several  "  discoverers  "  of 
three  of  them  considers  his  element  to  be  the  forerunner  of  the 
non-nucleated  red  corpuscle  found  in  the  blood. 

In  this  portion  of  my  paper  it  will  be  seen  that,  partly 
from  my  own  observations  and  partly  from  those  of  Neumann 
and  Bizzozero,  I  have  been  able  to  form  pretty  definite  opinions 
with  regard  to  .these  elements;  so  that  my  readers,  before 
proceeding  to  the  blood-forming  organs,  will  have  a  know- 
ledge of  what  elements  have  in  my  opinion  an  important  relation 

*  This  Research  was  presented  to  the  Medical  Faculty  of  the  University  of 
Edinburgh,  in  April  1885,  as  a  Thesis  for  graduation  as  Doctor  of  Medicine ;  and 
a  Gold  Medal  was  awarded  for  it  on  August  1. 
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to  blood-formation,  as  well  as  of  what  elements  it  will,  according 
to  the  view  I  take,  be  unnecessary  for  us  to  consider  further. 

First,  we  have  those  elements  which  have  often  been  called 
the  "corpuscles  of  Neumann,"  but  are  more  correctly  called 
"  nucleated  coloured  corpuscles."  These  are  cells  which,  in  their 
most  typical  form,  are  identical  with  the  nucleated  red  corpuscles 
found  in  the  blood  of  the  foetus.  They  were  found  by  Kolliker  ^ 
in  the  liver  during  the  whole  of  intra-uterine,  and  at  the 
beginning  of  extra-uterine,  life ;  and  were  supposed  by  him  to  be 
formed  there,  and  to  be  the  forerunners  of  the  non-nucleated  red 
corpuscles.  They  were  again  prominently  brought  forward  by 
E.  Neumann^  in  1868,  and  shortly  afterwards  by  Bizzozero,'  as 
being  found  in  the  red  bone-marrow  throughout  the  whole  of 
life.  They  are  occasionally  found  in  the  circulating  blood  (Neu- 
mann and  others),  when  the  blood-forming  process  is  active.  In 
their  most  typical  form,  these  nucleated  red  corpuscles  are 
slightly  larger  than  a  non-nucleated  red  corpuscle,  and  have  a 
nucleus  which  is  colourless,  and  which  is  not  relatively  large  as 
compared  with  the  size  of  the  cell.  They  will  be  considered 
more  particularly  in  the  second  part  of  my  paper,  where  I  speak 
of  blood-formation. 

The  secoTid  and  third  varieties  of  elements  found  in  the  blood, 
at  any  rate  after  it  is  drawn  from  the  vessels,  must  be  considered 
together ;  for,  although  they  appear  to  me  to  be  two  distinct 
elements,  they  have  been  much  confused,  and  are  generally 
described  as  one  and  the  same  element. 

These  elements  have  lately  been  rediscovered  by  Hayem* 
and  Pouchet,*^  under  the  name  of  "hsematoblasts"  (Hayem) 
or  "globules  of  Donn6"  (Pouchet).  As  described  by  Hayem 
and  Pouchet,  they  are  oval  in  shape,  except  in  the  case  of  the 
very  smallest ;  are  slightly  refractile  ;  are  devoid  of  nuclei ;  are 
left  unstained  by  staining  agents;  approach  in  their  physico- 
chemical  characters  the  substance  of  the  bodies  of  the  white 
corpuscles ;  and  exhibit  a  marked  tendency  to  run  together, 

1  Kolliker,  Mikrosk.  Anat,  Bd.  ii.  p.  590. 
•   *  Neumann,  Ccntralblatt /.  d.  med.  Wiss.,  1868,  p.  689. 
»  Bizzozero,  ibid.y  1868,  p.  886. 

*  Hayem,  Arch,  de  Fhysiol  norm,  et  path,,  1878,  p.  692  ;  1879,  pp.  201  and 

677. 

•  Pouchet,  Qucvrt.  Jow.  qf  Micros.  Science^  1880,  No  79.' 


1 


102  DR  JOHN  LOCKHABT  GIBSON.  ^ 

cither  with  one  another,  with  the  white  corpuscles,  or  with  the 
red  corpuscles,  even  in  circulating  blood  in  normal  conditions. 

The  same  elements  were  discovered  long  ago  by  Max  Schultze,^ 
and  were  called  by  him  *^  Kornchenbildungen."  G.  Zimmermann  ' 
also  described  them,  and  called  them  *'  Elementarkorperchen." 
Hayem  and  Pouchet  consider,  as  did  also  Zimmermann,  that 
these  elements  are  the  forerunners  of  the  red  corpuscles,  and 
that  the  red  corpuscles  are  therefore  not  of  a  cellular  natnra 

Hayem  and  Pouchet  differ  as  to  their  immediate  origin : 
Hayem  saying  they  arise  from  the  lymph-corpuscles  while  these 
are  yet  in  lymph-vessels,  while  Pouchet,  who  at  first  held  a 
similar  view,^  believes  they  arise  in  the  blood-plasma  itself,  as 
the  result  of  changes  analogous  to  the  precipitation  of  fibrin.-  ^ 

Both  of  them,  however,  consider  that  they  have  found  transition- 
stages  between  these  "  Eorncheubildungen "  (to  use  the  name 
given  them  by  Max  Schultze)  and  the  red  corpuscles. 

E.  Neumann,^  in  an  exhaustive  and  able  paper,  criticises  the 
views  of  Hayem  and  Pouchet,  and  says  that  their  so-called 
"  hsematoblasts,"  and  the  transition  forms  between  them  and 
the  red  corpuscles,  are  the  results  of  retrogressive  changes  in 
the  red  corpuscles,  instead  of  being  early  stages  in  tbeir  develop- 
ment. He  says  that  in  fresh  preparations  of  blood  he  can  see- 
the blood  corpuscles  losing  their  colour  and  shrinking,  to  leave 
only  a  shrunken  colourless  stroma  behind.  "  This  breaking  down 
of  the  coloured  corpuscles,  often  with  the  result  of  leaving  behind 
them  discoid,  bi -concave,  light-coloured  corpuscles,  is,'' according 
to  him,  ''more  apt  to  take  place  at  low  temperatures;"  and 
the  observations  of  Hayem  and  Pouchet  were  especially  con- 
ducted under  low  temperatures. 

The  view  enunciated  by  Max  Schultze,  in  his  criticism  of 
Zimmermann's  doctrine,  coincides  exactly  with  Neumann's,  viz., 
that  the  elements  in  question  ''  are  much  more  likely  to  be  the 
result  of  the  breaking  down  of  coloured  corpuscles  than  elements 

'  Schultze,  Archivf.  mikrosk,  Anatomie,  Bd.  i  p.  36. 

»  Zimmermann,  Eu8t*8  Magazin,  1846,  Bd.  Ixvi. ;  Virchow^s  Archiv,  Bd.  xviii 
p.  221  ;  Zeitschriftf.  vxiaa,  Zoologie,  Bd.  xi  p.  269. 

*  Pouchet,  Qaz,  rrUd,  de  Paris,  1878,  No.  11. 

♦  Neumann,  "  Ueber  Blutregeneration  und  Blutbildung,"  ZeUachr,  /.  klin. 
Medieinf  Bd.  iii.  p.  411. 
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capable  of  developing  into  coloured  corpascles."  Biess^  also 
calls  these  elements  "  Zerfallskorperchen ;  *'  and  Ehrlich  '  holds 
the  same  opinion. 

Neumann  very  properly  objects  to  Hayem  and  Pouchet  using 
as  a  foundation  for  their  hypothesis  that  these  elements  are 
young  red  blood-corpuscles,  the  fact  that  they  found  a  great 
number  of  them,  and  of  transition-forms  between  them  and  red 
corpuscles,  in  the  blood  of  pernicious-anaemia  patients.  As 
Neumann  says, — ''Where,  if  not  in  pernicious  anaemia,  will 
breaking-down  coloured  blood-corpuscles  be  found  ? " 

To  the  fact  observed  by  Hayem  and  Pouchet,  and  confirmed 
by  Riess,  that  thete  *'  Kornchenbildungen''  occur  in  numbers  in 
the  blood  of  animals  in  which  artificial  anaemia  has  been  produced, 
Neumann  answers,  that  the  argument  put  forward  by  Ehrlich, 
in  his  paper  above  referred  to,  is  the  correct  one,  viz.,  that  the 
chemical  change  and  thinning  of  the  blood  exercises  a  deleterious 
influence  on  the  red  corpuscles,  and  causes  them  to  degenerate, 
and  to  present  the  appearance  of  "  Komchenbildungen."  And 
Biess  and  Leube  '  criticise  the  statements  of  Hayem  and  Pouchet 
in  the  same  spirit 

Neumann  and  Ehrlich  both  consider  that  the  '*  Kornchenbil- 
dungen  "  have  no  connection  with  the  white  corpuscles,  i.e.,  are 
not  derived  from  them. 

But  before  discussing  the  "  Komchenbildungen "  further,  1 
must  first  mention  elements  described  by  Bizzozero,^  and 
considered  by  him  to  be  identical  with  those  described  by 
Hayem  and  Pouchet.  These  elements  Bizzozero  has  called 
" Blutplattchen/'  and  has  described  as  follows: — ^**Very  pale, 
colourless,  oval  or  round,  disc-shaped  or  lenticular  Plattchen, 
from  one-third  to  half  the  size  of  the  red  blood-corpuscles." 
He  found  them  in  the  circulating  blood  of  the  mesentery  of 
chloralised  rabbits  and  guinea-pigs,  and  says  that  they  are 
scattered  irregularly  among  the  red  corpuscles.    He  explains  that 

1  Riess,  Beiehert  A  Du  BotSrH^ymontTs  AnMv,  1872,  p.  287 ;  Berliner  klin. 
Wockensehrifl,  1879,  No.  47. 

«  Ehrlich,  Berlin,  klin.  Wochemchrtft,  1880,  No.  28;  1881,  No.  8. 

»  Leube,  Berlin,  klin.  Woehensehrifl,  1879,  No.  44. 

^  Bizzozero,  *'Ueber  eineu  neueo  Formbestandteil  des  Saugetierblutes  und 
die  BedeutuDg  desselben  fiir  die  Thrombosis  nnd  Blutgerinnang  iiberhaupt," 
CentraXblaUf.  d,  med.  Wiss.,  1882,  pp.  17,  161,  858,  668. 
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they  have  not  been  found  by  others  in  the  circulatiDg  blood 
because  they  are  so  colourless  and  transparent,  beiug  not  only 
much  less  numerous  than  the  red  corpuscles,  but  also  much  less 
visible  than  the  white ;  and  also  because  it  is  so  difficult  to  watch 
the  blood  circulating  in  the  mesentery  of  warm-blooded  animals. 
And  he  further  says  that  these  "  Flattchen  are  also  to  be  seen  in 
freshly-drawn  blood,  appear  in  great  part  grouped  around  the 
colourless  corpuscles,  and  rise  to  the  top  of  the  layer  of  fluid 
under  the  cover-glass."  According  to  him,  it  is  these  "  Flattchen  " 
that,  by  their  rapid  change  and  running-together  to  produce 
granular  masses  after  the  blood  is  drawn,  have  given  rise  to  the 
appearance  described  as  "  Rorncheuhaufen,"  by  so  many  histo- 
legists.  He,  however,  says  that,  for  the  purpose  of  further  exam- 
ination, they  can,by  means  of  suitable  reagents, be  retained  in  their 
normal  form.  He  cannot  say  positively  where  these  "  Flattchen  " 
come  from,  but  sees  nothing  to  support  the  theory  of  their 
origin  from  the  falling-to-pieces  of  the  white  blood-corpuscles ; 
because,  he  says,  *'  these  Flattchen  have  a  typical  form,  and  the 
white  corpuscles  contain  nothing  lik3  them."  He  recognises  in 
them  the  same  elements  as  those  described  by  Hayem,  but  says 
that  Hayem  is  in  error  in  describing  them  as  bi-concave  discs ; 
and  he  further  considers  that  they  are  composed  of  a  substance 
entirely  different  from  that  of  the  red  corpuscles,  and  that  they 
never  contain  haemoglobin.  He,  like  Hayem  and  others,  has 
observed  that  they  increase  in  number  after  haemorrhage,  and  in 
various  diseases ;  and  he  also  considers  that  the  ''white  thrombi  " 
of  the  Mammalia  are  composed  of  them,  and  that  they  probably 
play  the  same  part  with  regard  to  coagulation  as  Mantegazza 
and  A.  Schmidt  ascribe  to  the  white  corpuscles. 

Schultze,  Eanvier,  Hayem,  and  others  have  remarked  that  the 
fibres  of  fibrin  radiate  from  the  '*  Kornchenhaufen " ;  and  have 
therefore  said  that  there  is  a  connection  between  these  and  the 
precipitation  of  fibrin.  A.  Schmidt  goes  still  further,  and  says 
that  the  coagulation  of  the  blood  is  induced  by  the  white 
corpuscles,  which  by  their  falling-to-pieces  produce  the 
"  Kornchenbildungen "  and  resulting  "  Kornchenhaufen,"  and 
that  the  "  Kornchenbildungen  "  go  to  form  a  considerable  part 
of  the  material  of  which  fibrin  is  composed. 

Bizzozero  agrees  with  these  authors  in  so  far  as  he  considers 
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that  his  "  Plattchen "  induce  coagulation ;  but  he  does  not 
think  that  they  are  derived  from  the  white  corpuscles,  and 
accordingly  denies  that  these  have  the  power  of  inducing 
coagulation.  He  bases  his  conclusions  that  the  "  Plattchen " 
are  not  derived  from  the  white  corpuscles,  and  that  it  is 
they,  and  not  the  white  corpuscles,  which  induce  coagulation 
on  the  following : — 

1.  He  has  been  unable  to  see  the  great  falling-to-pieces  of  the 
white  corpuscles  described  by  Schmidt  ;^  and  accounts  for  the 
stated  fact  that  there  are  more  white  corpuscles  in  the  circu- 
lating blood  than  in  the  blood  after  it  is  drawn,  by  saying  that 
the  white  corpuscles  do  not  easily  pass  out  of  the  wound  in  the 
vessel. 

2.  '*If  one  watches  the  time  which  freshly-drawn  blood 
takes  to  coagulate,  one  will  see  that  it  corresponds  to  the  time 
taken  by  the  Plattchen  to  degenerate.  Moreover,  the  fluids 
which  delay  or  prevent  coagulation  (e.g,,  carbonate  of  soda  or  of 
magnesia)  delay  or  prevent  the  granular  change  of  the  Blut- 
plattchen."  And  he  further  says  that  while  the  white  cor- 
puscles, at  the  appearance  of  coagulation,  show  no  change,  the 
"  Plattchen  "  alter  very  distinctly ;  and  that  the  fibrin  is  precipi- 
tated just  where  they  are  seen. 

I  can,  from  my  own  observations,  fully  confirm  the  second  of 
Bizzozero's  premises,  except  that  I  think  some  of  the  white 
corpuscles  do  seem  to  change  and  break  down  during  the 
production  of  fibrin,  and  to  act  as  centres  for  its  production 
when  they  have  broken  down.  It  is,  however,  only  a  few  of 
the  white  corpuscles  that  seem  to  do  this. 

Bizzozero  found  it  very  diflScult  to  isolate  the  "  Plattchen  " 
from  the  white  coi'puscles,  or  the  white  corpuscles  from  the 
"  Plattchen " ;  so  he  determined  to  try  the  effect  of  pieces  of 
"lymph-corpuscle-holding"  glands  in  the  coagulation  of  "proto- 
plastic fluid,"  and  to  compare  this  with  the  effect  of  threads 
which  had  been  stirred  through  freshly-drawn  blood.  To  threads 
so  prepared,  there  adhere  an  immense  number  of  "Blut- 
plattchen,"  and  only  a  comparatively  small  number  of  white 
corpuscles  ;  but,  according  to  Bizzozero,  so  many  of  the  latter  do 
adhere  that  it  is  quite  impossible  from  experiments  with  such 

'Alex.  Schmidt,  Archivf.die'gesammte  Physiol.  ^  xi.  (1875),  p.  291. 
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threads  alone  to  say  whether  it  is  the  "  Blatplattchen  "  or  the 
white  corpuscles  that  cause  the  coagulation. 

For  "  lymph-corpuscle-holding  "  glands,  Bizzozero  employed 
spleen,  bone-marrow,  and  lymphatic  glands  ;  and  he  found  that 
pieces  of  these  glands  either  failed  to  induce  coagulation  of  the 
protoplastic  fluid  or  only  induced  it  very  slowly. 

As  to  this  observation  of  Bizzozero's,  I  may  say  that  it  does 
not  in  my  opinion  strengthen  the  position  he  takes  up  against 
the  view  held  by  A.  Schmidt.  If  white  corpuscles  induce 
coagulation  only  after  breaking  down  into  '*  Plattchen,"  it  is  but 
natural  we  should  not  find  that  the  most  recently-formed  white 
corpuscles,  such  as  those  found  in  the  lymphatic  glands,  are 
active  in  causing  coagulation ;  inasmuch  as  such  corpuscles  are 
not  00  likely  to  break  down  as  corpuscles  which  have  been  in 
the  circulating  blood  for  some  time.  And  it  seems  to  me  hardly 
fair  to  compare  the  effect  of  a  piece  of  spleen  on  protoplastic 
fluid  with  the  effect  of  threads  which  have  been  drawn  through 
blood,  and  which,  therefore,  contain  the  adhesive  elements  of  the 
blood  in  a  very  concentrated  form,  while  the  white  corpuscles  in 
the  spleen  are  diluted  by  the  other  elements  of  the  spleen- sub- 
stance. And,  further,  I  think  that  when  Bizzozero  mentions  the 
spleen  and  the  bone-marrow,  he  forgets  that  in  the  recent  state 
a  very  large  part  of  the  volume  of  each  of  these  organs  is  made 
up  of  the  blood  contained  in  its  venous  sinuses  and  in  the 
meshes  of  its  pulp,  and  that  this  blood  must  contain  as  many 
of  the  "  Plattchen  "  as  the  circulating  blood  elsewhere.  His 
observations  are,  however,  at  any  rate  against  the  idea  that 
the  lymph-corpuscles  as  such  are  capable  of  inducing  coagu- 
lation ;  for  if  they  had  been,  pieces  of  lymphatic  gland  would 
certainly  have  been  as  active  in  producing  coagulation  as  his 
threads. 

As  to  the  origin  of  the  "  Plattchen/'  Bizzozero  expresses  no 
opinion,  beyond  saying  that  he  sees  nothing  to  support  their 
origin  from  the  white  corpuscles.  From  my  own  observations, 
however,  I  have  been  led  to  think  that  they  may  be  derived 
from  the  white  corpuscles,  though  only  from  a  particular  part  of 
them,  viz.,  the  nucleus.  They  do  not  as  a  rule  take  origin  from 
the  nucleus  of  a  white  corpuscle,  but  they  Toay  have  such  an 
origin,  when  a  white  corpuscle  breaks  down,  either  in  the  circu- 
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latiDg  blood  or  soon  after  the  blood  has  left  the  vessels.    Their  . 
usual  origin  is,  I  believe,   the  nucleas  of    a  nucleated  red    ^ 
corpuscle ;  but  as  the  nucleated  red  corpuscle,  as  I  shall  later 
in  my  paper  attempt  to  show,  was  once  a  white  corpuscle,  the 
occasional  origin  of  these  ''Plattchen"  direct  tvom  a  white 
corpuscle  seems  not  unlikely. 

I  have  paid  very  particular  attention  to  the  so-called  new 
elements  in  the  blood,  both  in  fresh  preparations  of  the  blood 
and  in  preparations  diluted  with  artificial  serum  (£  used  sodium- 
sulphate  solution  of  sp.  gr.  1022),  and  I  entirely  agree  with 
Neumann  and  other  writers  in  considering  that  the  "  K5rnchen- 
bildungen"  are  neither  fresh  elements  nor  young  blood- 
corpuscles.  I  do  not,  however,  entirely  agree  with  Neumann 
as  to  their  origin.  He,  as  already  mentioned,  looks  on  them  all 
as  btoken-down  red  corpuscles. — As  to  the  ''  Blutplattchen "  of 
Bizzozero,  I  am  inclined  to  think  them  identical  only  with  one 
variety  of  the  "  Kornchenbildungen." 

I  have  satisfied  myself  that  in  the  blood  after  it  is  drawn, 
there  are,  in  addition  to  the  red  and  white  corpuscles,  two 
distinct  elements ;  and  I  am  convinced  that  one  of  these 
elements  is  derived  from  the  breaking-down  of  the  red  corpuscles, 
while  I  think  it  very  likely  that  the  other  is  derived  from  the 
nucleus  of  young  red  blood-corpuscles,  or,  occasionally,  from  the 
nucleus  of  white  corpuscles. 

In  a  paper  which  I  wrote  on  the  "  Invisible  Blood-Corpuscle 
of  Norris,"^  I  said  that  I  did  not  consider  the  "Blutplattchen" 
of  Bizzozero  to  be  identical  with  Norris's  corpuscles,  and  that  I 
was  much  more  inclined  to  look  on  the  "  Plattchen  "  as  portions 
of  white  corpuscles,  derived  from  the  white  corpuscles  as  they 
were  breaking  down  to  liberate  the  fibrin  ferment  That  my 
views  on  this  latter  point  have  since  become  modified  will  be 
understood  from  what  I  have  already  said. 

As  the  various  names  I  have  mentioned  as  being  applied  to 
these  elements  have  been  used  somewhat  vaguely,  I  shall 
discard  them,  and  employ  as  a  general  term  the  old  name 
"microcyte:"  simply  distinguishing  into  coloured  and  colourless 
microci/tes. 

(a,)  The  coloured  microcytes. 

^  Jour,  ofAncU.  and  Physiol,,  July  1884. 
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These  are  Bimply  fragments  ot  broken-down  red  corpuscles ; 
and  any  one  who  takes  the  trouble  to  watch  a  preparation 
of  blood  for  a  sufficient  length  of  time  will  notice,  first  that  the 
red  corpuscles  become  crenated, — some  much  more  quickly  than 
others, — and  then  that  the  so-formed  thorn-like  processes  become 
broken  oif,  and  float  away  as  rounded  or  sometimes  oval  bodies, 
— the  remains  of  the  corpuscle  being  left  behind  as  an  irregular 
coloured  body.  They  are,  I  believe,  the  bodies  which  Neumann 
looks  on  as  the  "  hsematoblasts  "  of  Hayem ;  as  I  cannot  suppose 
that  Neumann  attributed  the  presence  of  the  other  variety  of 
microcyte  in  the  blood  to  the  breaking-down  of  the  red  corpuscles. 
And  I  further  think  that  they  are  looked  on  by  Hayem  as  one 
stage  in  the  life-history  of  his  "  hsematoblasts/'  For,  of  course, 
all  kinds  of  intermediate  forms  can  be  observed,  between  the 
smallest  of  the  coloured  microcytes  and  the  red  corpuscles; 
though  to  account  for  Hayem's  opinion  that  his  "  hsBmatoblasts  " 
are  derived  from  the  lymph-corpuscles,  it  would  be  necessary  to 
bring  in  the  second,  or  colourless'  variety  of  microcyte. 

(b.)  The  colourless  microcytes. 

These  are  the  **  Blutplattchen  "  of  Bizzozero. 

If  a  drop  of  blood  be  taken  on  a  slide  and  be  covered  and 
examined  very  quickly,  there  are  seen  brightly  refractile  oval  or 
rounded  bodies,  varying  from  1  to  3  micros,  in  diameter.  These 
bodies  are  at  first  isolated ;  are  adhesive,  i.e.,  tend,  like  white 
corpuscles,  to  adhere  to  the  slide  and  to  the  cover-glass ;  and 
refract  light  in  the  same  peculiar  way  as  white  corpuscles. 
Very  quickly  they  mostly  run  together  to  form  groups,  in  which 
the  individual  members  ol  a  group  can  at  first  be  distinguished, 
though  they  soon  fuse  into  a  common  finely-granular  mass 
("Kornchenhanfen").  Those  which  remain  isolated  also  become 
irregular  and  finely  granular. 

At  first,  I  was  very  much  inclined  to  look  on  these  microcytes 
as  fragments  of  the  perinuclear  part  of  white  corpuscles ;  and 
certainly  «the  longer  they  are  of  being  examined  after  the  blood 
is  drawn,  the  more  are  they  like  the  perinuclear  substance  of 
the  white  corpuscles.  I  never,  however,  could  quite  satisfy 
myself  on  this  point ;  although  I  found,  in  preparations  of  blood 
diluted  with  sodium-sulphate  solution,  appearances  which  would 
very  much  support  my  view.     As  everyone  knows,  solutions  of 
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the  neutral  salts  of  sufficient  strength  prevent  coagulation  of  the 
blood.     I  found  that  the  solution  of  sodium  sulphate  which  I 
used  for   diluting  the  blood  for  the  purpose  of  examination 
prevented  the  alteration  of  the  colourless  microcytes.    (Bizzozero, 
who  alBo  observed  this,  noted  that  the  solution  was  still  more 
preservative  if  it  contained  a  little  methyl-violet)     In  prepara- 
tions of  the  blood  thus  diluted,  I  could  examine  these  microcytes 
and  compare  them  with  the  white  corpuscles.     In  these  prepara- 
tions, I  often  found  what  appeared  to  me  to  be  a  white  corpuscle 
partially  broken  down  and  with  a  few  microcytes  lying  near  it ; 
and  I  was  inclined  to  think  that  these  were  instances  of  white 
corpuscles  caught  and  fixed  in  the  act  of  breaking  down  into 
microcytes.      But  in  undiluted   blood,  although   I  could  see 
individual  examples  of  white  corpuscles   breaking  down  and 
producing  bodies  like  the  colourless  microcytes,  still   it  was 
always  only  some  time  after  the  blood  had  been  drawn,  and 
during  the  stage  of  fibrin  productioiL     The  fragments  of  the 
white  corpuscles  then  broken  off  were  like  the  condition  of  the 
*         microcytes  at  that  period,  i.e.,  finely  granular ;  but  not  like  the 
first  condition   of  the  microcytes.     And,  further,  I  could  not 
account  for  the  very  large   number  of  colourless  microcytes 
sometimes   found  in  the  blood;  as  it  was  hardly  possible  to 
suppose   that  the  white  corpuscles  broke  down  into  microcytes 
so  rapidly  that  they  had  all  broken  down   before  the  prepara- 
tion could  be  put  under  the  microscope.     Nor  could  I  account 
for  Bizzozero's  finding  them  in  the  circulating  blood.     And  yet, 
in  spite  of  being  unable  to  explain  everything,  I  could  not 
give  up  the  idea  that  the  colourless  microcytes  were  derived 
from  the  white  corpuscles. 

Now,  however,  I  think  I  have  found  a  better  explanation  of 
their  origin.  Further  observations  will  have  to  show  whether 
I  am  right  or  not ;  but  I  advance  my  opinion  with  very  strong 
hopes  of  its  being  correct. 

In  treating  a  preparation  of  blood  with  i  per  cent,  solution  of 
acetic  acid,  I  caused  the  white  corpuscles  to  swell  up,  and  the 
nuclei  of  some  of  them  struck  me  in  a  way  they  had  never 
done  before.  As  is  well  known,  white  corpuscles  so  treated 
show  more  than  one  nucleus,  generally  from  3  to  5  or  6;  and  in 
my  preparation  these  nuclei,  separated  from  each  other  by  the 
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action  of  the  acetic  acid,  had  exactly  the  appearance  of  the 
colourless  microcytes.  The  resemhlance,  indeed,  struck  me  so 
forcibly  that  I  at  once  began  to  speculate  as  to  whether  the 
microcytes  could  be  derived  from  them;  and  I  found  that 
many  facts  could  be  brought  forward  which  would  support 
such  an  origin.  Moreover,  1  saw  that  if  the  nuclei  of  the 
white  corpuscles  may  be  the  forerunners  of  these  microcytes, 
then  the  nuclei  of  the  nucleated  red  corpuscles  may  also  be 
so;  and  I  think  it  is  chiefly  as  the  divided  nuclei  of  the 
nucleated  red  corpuscles  that  these  microcytes  are  to  be  regarded. 
I  have  not  myself  made  sufficient  observations  on  the  changes 
of  the  nuclei  in  the  nucleated  red  corpuscles  to  be  able  from 
them  alone  to  say  whether  such  nuclei  break  down  into  bodies 
similar  to  these  microcytes;  but  both  £olIiker  and  Neumann 
have  from  their  observations  come  to  the  conclusion  that  the 
nucleus  of  a  nucleated  red  corpuscle  does  break  down  into 
small  pieces.  Neumann^  evidently  thinks  that  these  small 
pieces  become  absorbed  in  the  general  substance  of  the  cell. 
Kolliker^  says  that  this  appearance  of  a  broken-down  nucleus 
is  specially  well  seen  after  the  action  of  acetic  acid,  and  that  the 
nucleus  of  a  nucleated  red  cell  is  very  apt  to  break  down  under 
the  influence  of  weak  acetic  acid. 

Further,  with  reference  to  the  comparison  of  nuclear  changes 
in  nucleated  red  corpuscles  with  nuclear  changes  in  white  cor- 
puscles, I  have  to  say  that,  judging  from* the  general  appearance 
of  white  corpuscles  without  the  addition  of  a  reagent,  I  am  very 
far  from  thinking  that  there  are  really  so  many  nuclei  in  white 
corpuscles  as  after  the  addition  of  acetic  acid  there  appear 
to  be.  It  seems  to  me  much  more  likely  that  their  multi- 
nuclear  condition  after  the  addition  is  due  to  the  action  of 
the  acid  on  a  previously  perhaps  single  nucleus,  causing  it  to 
break  down. 

After  the  nucleus  of  a  nucleated  i*ed  corpuscle  has  served  its 
function  in  enabling  the  cell  to  assume  haemoglobin  (for  this  I 
believe,  and  later  in  this  paper  shall  try  to  show,  to  be  the 
function  of  the  nucleus  in  the  early  stage  of  the  red  corpuscle), 
it  is  of  no  further  use,  and  disappears  from  the  cejl.    The  way 

^  Neamann,  Archiv  d.  HeUkunde,  Bd.  xv.  p.  450. 
s  Kolliker,  itfiAros^.  Anatomie,  Bd.  iL  p.  690. 
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in  which  it  disappears  is  disputed :  Kdlliker  and  Neumann 
Baying  that  it  falls  to  pieces ;  and  Rindfleisch  ^  contending  that, 
surrounded  by  a  small  amount  of  undifferentiated  protoplasm, 
it  passes  bodily  out  of  the  cell.  Putting  together  the  observa- 
tions of  Kdlliker,  Neumann,  and  Rindfleisch,  and  considering 
these  observations  with  regard  to  their  bearing  on  the  colourless 
microcytes,  I  am  inclined  to  think  that  the  nucleus  both  breaks 
down  and  passes  out  of  the  cell :  that  is,  that  it  first  breaks 
down  as  it  does  after  the  influence  of  acetic  acid  ;  and  that  these 
portions  then  pass  out  of  the  cell,  leaving  it  a  non-nucleated  red 
cell.  These  portions  of  the  nucleus  are,  I  believe,  the  colourless 
microcytes  which  have  been  seen  by  Bizzozero  in  the  circulating 
blood,  and  by  everybody  else  in  the  blood  after  it  has  been 
drawn. 

That  the  colourless  microcytes  are  the  agents  which  imme- 
diately induce  coagulation,  and  which  probably  take  part  in  the 
formation  of  fibrin,  1  hold  to  be  capable  of  the  clearest  prooi 
Not  only  the  observations  of  Bizzozero  himself,  but  also  those 
of  Schmidt  and  others,  who  look  on  them  as  broken  down 
white  corpuscles,  are  in  favour  of  this  action  of  the  microcytes ; 
and  as  it  is  an  action  which  I  have  frequently  seen  under  the 
microscope,  there  is,  in  my  opinion,  very  little  room  for  doubting 
it.  Those  microcytes  which  remain  single  can  be  seen  to 
become*  granular,  and  threads  of  fibrin  can  be  seen  stretching 
out  from  them  as  centres;  they,  at  first,  forming  the  nodes  of  the 
fibrin  network,  but  ultimately  seeming,  partially  at  least,  to 
disappear  in  it.  The  groups  of  microcytes  behave  in  exactly 
the  same  way. 

Although,  like  Bizzozero,  I  have  been  unable  to  see  the 
great  breaking  down  of  white  corpuscles  which  Schmidt 
describes,  I  cannot  agree  with  Bizzozero,  when  he  says  that  none 
of  the  white  corpuscles  suffer  a  change  during  the  formation  of 
fibrin.  A  few  of  them  appear  to  me  to  break  up ;  and  around 
those  that  break  up  an  active  precipitation  of  fibrin  appears  to 
occur,  just  as  around  the  microcytes  and  groups  of  microcytes. 
And  this  does  not  at  all  form  an  objection  to  my  idea  of  the 
origin  and  function  of  the  microcytes:  for, in  breaking  ^,  the 
white  corpuscle  exposes  its  nucleus,  which  probably  als94>reak8 

^  Rindfleisch,  Arehivf.  Mikrosk.  ATiatom,,  Bd.  zvii.  pp.  21-42. 
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up  into  pieces   and  goes  through  the  same  changes  as  the 
microcytes. 

The  reasons  which  lead  me  to  suppose  that  the  colourless 
microcytes  are  derived  from  nuclei  of  blood-corpuscles,  and 
especially  from  those  of  the  nucleated  red  ones,  are  the  fol- 
lowing : — 

1.  The  great  similarity  in  appearance  between  the  fragments 
of  the  nucleus  of  a  white  corpuscle  after  the  addition  of  acetic 
acid  and  the  colourless  microcytes ;  and  also  the  exactly  similar 
appearance  and  refraction  which  the  microcytes  have  to  white 
corpuscles  which  have  not  been  acted  on  by  reagents,  and  more 
especially  to  the  central  part  of  such  corpuscles. 

2.  The  similarity  in  the  manner  in  which  the  fragments  of 
the  nucleus  of  a  white  corpuscle  and  the  colourless  niicrocytes 
stain.  When  the  fragments  of  the  nucleus  are  separated,  they 
stain  with  methyl-violet  only  very  slightly;  and  the  colourless 
microcytes  when  separate  also  stain  only  very  slightly.  And, 
again,  when  the  fragments  of  the  nucleus  are  accumulated 
together,  as  in  a  perfect  nucleus,  they  stain  darkly ;  and,  in  the 
Same  way,  groups  of  the  colourless  microcytes  seem  to  take  up 
the  dye  very  distinctly  indeed. 

3.  A  fact  observed  by  Neumann,  and  also  frequently  by  my- 
self: that  when  the  nucleus  of  a  nucleated  red  corpuscle  is 
under  the  influence  of  acetic  acid  broken  up  into  fragments,  it 
then  becomes  coloured  by  hsemoglobio,  which  has  diffused  out 
of  the  body  of  the  corpuscle.  To  which  may  be  added,  that  I 
have  observed  that  if  blood  be  mixed  with  a  solution  of  a 
neutral  salt,  so  as  to  prevent  the  colourless  microcytes  from 
changing,  these  then,  after  a  titne,  become  faintly  coloured  by 
haemoglobin,  which  has  diffused  out  of  the  red  corpuscles, — a 
behaviour  which  has,  I  think,  been  one  reason  why  Hayem 
describes  them  as  faintly  hsemoglobin-tinted. 

4.  The  fact  that  KoUiker  and  Neumann  have  seen  the  nuclei 
of  the  nucleated  red  cells  in  different  stages  of  breaking  down. 
Neumann  has,  in  fact,  seen  cells  with  only  one  fragment  of  the 
nucleus  left,  the  rest  of  the  nucleus  having  (according  to  my 
idea)  passed  out  of  the  cell.  I  have  seen  similar  appearances 
myself,  but  have  not  made  sufficiently  exact  observations  to  be 
able  to  speak  definitely. 
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5.  Which  I  think  a  most  important  point,  and  one  which, 
besides  having  been  noted  and  recorded  by  Bizzozero  and  others, 
has  also  been  observed  by  myself,  viz.,  that  the  more  active  the 
blood-forming  process,  and  consequently  the  greater  the  number 
of  nucleated  red  corpuscles  found  in  the  blood-forming  organs, 
the  more  numerous  are  the  colourless  microcytes  found  in  the 
blood.  (Concomitantly  with  this  increase  in  the  number  of 
microcytes,  I  have  observed  a  very  marked  increase  in  the 
tendency  of  the  blood  to  coagulate.) 

To  return  to  Hayem  and  Poucheb,  inasmuch  as  they  describe 
under  the  name  of  "  haematoblasts "  (Hayeip)  or  "  globules  of 
Donn^  "  (Pouchet),  (1)  colourless  elements,  which  Hayem  at 
least  supposes  to  be  derived  from  the  white  corpuscles,  and 
(2)  elements  which  are  somewhat  larger  and  are  coloured  by 
haemoglobin,  and  which  they  suppose  to  be  transition  stages 
between  the  colourless  variety  of  elements  and  the  full-sized  and 
colourless  haemocyte,  I  am  driven  to  conclude  that,  in  describ- 
ing their  haematoblasts,  they  have  included  both  the  colourless 
and  the  coloured  microcytes,  and  have  supposed  the  colourless 
microcytes  ("  Blutplattchen  "  of  Bizzozero)  to  be  the  first  stage, 
and  the  coloured  microcytes  later  stages,  of  elements  which, 
according  to  them,  develop  into  the  ordinary  non-nucleated  red 
corpuscle  of  mammalian  blood. 

With  regard  to  the  fourth  variety  of  element  said  to  exist  in 
the  blood,  I  need  not  say  much.  The  elements  in  question  are 
the  **  invisible  blood  corpuscles  of  Norris."  Concerning  these 
corpuscles,  I  published  a  paper  in  the  Journal  of  Anatomy  and 
Physiology  for  July  1884,  in  which,  without  pretending  to  say 
whether  "  invisible  "  corpuscles  do  exist  in  the  blood,  I  disputed,  I 
think  conclusively,  the  chief  methods  by  which  Dr  Norris  says 
he  has  brought  them  into  view.  My  further  observations  on  the 
blood  all  go  towards  supporting  the  opinion  I  expressed  in  that 
paper,  viz.,  that  the  "  invisible  corpuscles  "  of  Norris  are  simply 
decolorised  red  corpuscles. 

(To  he  continued  in  the  next  Number,) 
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sity of  Edinburgh. 

[Towards  the  expenses  of  this  research  a  grant  was  made  hy  the  British 
Medical  Association  on  the  recommendation  of  the  Scientific  Grants  CJommittee 
of  the  Association.] 

Part  I. — Preliminary. 

The  relationship  of  the  liver  to  the  eliminatioD  of  the  effete 
nitrogenous  matters  of  the  animal  body  is  a  subject  of  the 
greatest  physiological  interest,  and  also  of  prime  practical  im- 
portance. It  has  arrested  the  attention  of  many  of  the  ablest 
physiologists,  each  one  of  whom  has  added  something  to  our 
knowledge  of  the  subject,  but  none  of  whom  can  be  said  finally 
to  have  settled  the  question  of  the  precise  nature  of  the  relation- 
ship of  the  liver  to  the  production  of  urea. 

In  order  further  to  elucidate  this  subject,  I  have  undertaken 
the  following  research,  in  which  I  have  endeavoured  to  ascertain 
whether  the  excretion  of  urea  bears  any  relationship  to  the 
secretion  of  bile. 

For  this  purpose  I  have  investigated  the  influence  on  the 
urea  excreted  by  the  kidney  of  the  more  active  of  these  sub- 
stances, which  have  been  shown  by  Rutherford  {TraTis,  Royal 
Society  of  Edinburgh,  vol.  xxix.)  to  have  a  special  action  in  stimu- 
lating the  biliary  function  of  the  liver. 

Evidence  of  any  kind  on  this  subject  must  be  of  importance, 
for,  if  negative,  it  must  indicate  that  the  biliary  function  of  the 
liver  at  least  is  not  connected  with  urea  production ;  while,  if 
positive,  a  most  decided  step  in  the  physiology  of  urea  formation 
is  thereby  made. 

For  this  investigation  I  have  selected  the  following  drugs : — 
salicylate  of  soda,  benzoate  of  soda,  colchicum,  perchloride  of 
mercury,  and  euonymin — drugs  representing  different  pharma- 

^  This  Paper  formed  part  of  a  Thesis  presented  to  the  Medical  Faculty  of  the 
University  of  Edinburgh,  May  1883,  for  graduation  as  Doctor  ot  Medicine,  and 
for  which  a  Gold  Medal  was  awarded  to  the  author. 
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cological  groups,  and  differing  widely  from  one  another  in  their 
general  physiological  action,  but  all  agreeing  in  being  powerful 
stimulants  of  the  biliary  function  of  the  liver. 

The  practical  importance  of  such  a  research  is  considerable, 
for  the  somewhat  empiric  use  of  certain  of  these  drugs  in  gout, 
rheumatism,  diabetes,  and  other  diseases  in  which  the  tissue 
metabolism  is  gravely  affected,  should,  by  such  an  investigation, 
be  rendered  more  rational  and  scientific.  For  this  reason  I  have 
also  studied  the  changes  produced  in  the  excretion  of  uric  acid 
under  the  administration  of  these  drugs. 

Before  giving  the  results  of  my  own  experiments,  it  will, 
however,  be  necessary  briefly  to  refer  to  the  evidence  we  already 
possess  in  regard  to  the  connection  of  the  liver  with  urea 
formation. 

The  literature  on  this  subject  is  enormous,  and  in  discuss- 
ing it  I  shall,  instead  of  following  a  chronological  sequence, 
attempt  to  arrange  the  information  we  possess  in  such  a  way  as 
to  render  as  clear  as  possible  the  extent  of  our  present  know- 
ledge. 

Three  theories  have  been  advanced  in  regard  to  the  locality 
of  the  formation  of  urea, — (1)  that  it  is  produced  in  the  kidney ; 
(2)  that  it  is  produced  in  the  muscular  system ;  and  (3)  that 
the  liver  is  the  seat  of  its  production. 

That  the  kidney  is  in  any  sense  the  seat  of  its  production  has 
been  long  ago  disproved.  Prevost  and  Dumas  (Annal.  de  Chim. 
et  de  Phys.f  t.  xxiii.  p.  116)  were  the  first  to  show  that,  after  extir- 
pation of  the  kidneys,  urea  was  to  be  found  in  large  quantities 
in  the  blood.  And  this  observation  has  since  been  confirmed  by 
Marehand,  Yoit,  Meissner,  and  others,  while  the  observations  of 
Petroff  ( Virch,  Arck,,  Bd.  xxv.  S.  91),  of  ZA^^kj  {Untersuchungen 
iL  den  Urdmischen  Process  und  die  Function  der  Nieren,  1865), 
and  of  others,  that  after  ligature  of  the  ureter  the  increase  in 
urea  is  greater  than  after  extirpation  of  the  kidney,  cannot  be 
considered  as  indicating  the  production  of  urea  in  these  organs, 
since  it  must  be  remembered  that  the  animal  survives  this  less 
grave  operation  for  a  much  longer  time,  and  that  thus  a  more 
extended  period  is  allowed  for  the  urea  to  accumulate.  In 
addition,  vomiting  is  not  so  frequently  induced,  and  Claude 
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Bernard  has  shown  that  in  this  way  the  urea  already  accumu- 
lated in  the  blood  may  be  got  rid  of. 

The  question  of  the  relationship  of  the  kidney  to  urea  pro- 
duction has  also  been  investigated  by  the  transfusion  method 
of  Ludwig.  Gr^hant  {Cht.  Med,  Wissensch,,  1870,  p.  249)  has 
shown  that  there  is  less  urea  in  the  blood  flowing  from  the 
renal  vein  than  is  contained  in  the  blood  entering  the  organ ; 
while  von  Schroeder  {Arch,  f,  Exp.  Path,  u  Pliarmac,,  xv. 
p.  364)  shows  that,  even  when  carbonate  of  ammonia  is  added 
to  the  blood,  no  production  of  urea  occurs  during  its  circulation 
through  the  kidneys. 

The  recent  experiments  of  Abeles  {Wietier  Acad.  SUz,,  iii. 
Abth.,  Bd.  Ixxxvii.  p.  187)  on  transfusion  of  the  kidney  do  not 
bear  upon  this  subject,  and  simply  show  that  urea  is  separated 
from  the  blood  by  the  renal  epithelium. 

Liebig's  theory  of  the  production  of  urea  for  the  oxidation  gf 
the  proteids  in  muscle,  though  ingenious  and  fascinating,  was 
not  based  upon  experimental  evidence,  and  all  recent  works  on 
this  subject  tend  to  show  that  the  muscles  are  not  the  source  of 
urea. 

The  older  investigations,  as  those  of  Meissner  and  Picard,  on 
the  presence  of  urea  in  muscular  tissue,  are  rendered  valueless  by 
the  faulty  methods  employed  for  the  determination  of  the  urea. 
But  recently  Haycraft,  using  his  own  admirable  method  for  the 
estimation  of  urea  (Jcncr,  of  Anat.  and  Phys,,  vol.  xvii.),  has 
finally  demonstrated  that  only  the  smallest  trace  of  urea  is  to  be 
found  in  muscles,  and  that  the  quantity  is  not  increased  after 
violent  exercise.  He  has  further  demonstrated  that  the  blood 
does  not  gain  urea  after  violent  exertion,  while  von  Schroeder 
(loc,  dt.),  Gr^hant  et  Quinquand  {Gaz.  hebdom.  de  Med.  et  de 
Chir.f  1884,  No.  B.),  and  Salomon  {Virdww's  Archiv,  vol.  Ixxix., 
1884,  p.  149),  have  all  proved  experimentally  that  no  increase 
in  the  urea  occurs  in  blood  circulating  through  muscles  at  rest, 
even  when  carbonate  of  ammonia  is  added. 

It  is  impossible  here  fully  to  discuss  the  much  vexed  question 
of  the  influence  of  muscular  exertion  in  the  nitrogsnous  excre- 
tion by  the  kidneys;  but  the  subject  is  ably  dealt  with  in 
Gamgee's  Physiological  Chemistry,  vol.  i.  p.  385.     Undoubtedly 
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the  mass  of  evidence  goes  to  show  that  during  muscular  exer- 
tion, especially  when  this  is  severe,  an  increased  excretion  of 
urea  may  occur.  This  is  always  small,  and  not  at  all  in  propor- 
tion to  the  work  done,  and  it  must  he  remembered  that  such  an 
increase  by  no  means  indicates  that  the  nitrogen  so  excreted  is 
really  derived  from  the  muscles,  for,  concomitantly  with  all 
muscolar  effort,  we  have  changes  occurring  in  all  the  organs  of 
the  body.  Such  a  method  of  research  must  be  considered  as 
highly  unsatisfactory. 

The  last  probable  place  of  urea  formation  is  the  liver,  and 
upon  this  subject  the  evidence  is  somewhat  conflicting. 

No  less  an  authority  than  Hoppe-Seyler  denies  the  occurrence 
of  urea  in  the  liver  (Zeitsch.  /.  Physiol.  Chem.,  Bd.  v.  p.  348).  A 
brief  note  to  all  that  is  given,  and  no  theory  is  advanced  as  to 
the  nature  of  the  "  syrupy  base  gradually  becoming  crystalline," 
which  he  describes  as  occurring  in  the  organ. 

Other  observers  state  positively  that  it  does  occur  in  the 
liver ;  but  while  Meissner  {Zeitsch.  f.  rat.  Med,,  Bd.  xxxL)  and 
Gscheidlen  {Studien  uber  den  TJrspmng  des  Hamstoffs  im  Thier- 
korper,  Lepsig  1872)  admit  that  the  percentage  amount  is  at  least 
not  greater  than  that  contained  in  the  blood,  Munk  {Pfluger's 
Archiv,  Bd.  ii.  S.  41)  concludes  that  the  percentage  amount  is 
really  smaller. 

A  method  of  research  which  has  in  the  hands  of  many  ob- 
servers yielded  important  results  is  the  "durchstromung"  method 
of  Ludwig,  which  consists  in  transfusing  blood  through  the 
fresh  organ  kept  at  the  temperature  of  the  body  in  a  warm 
chamber.  In  connection  with  the  liver  this  was  first  employed 
by  Cyon,  who  briefly  records  two  experiments  in  the  Cbt.  /. 
Med.  Wissen.  1870,  p.  580.  He  finds  that  blood  which  has 
passed  through  the  liver  several  times  contains  a  much  higher 
proportion  of  urea  than  it  contained  before  the  transfusion. 
In  his  second  experiment,  before  transfusion  was  commenced, 
100  C.C.  of  blood  contained  0'08  grm.  of  urea,  while  after  the 
blood  had  circulated  through  the  organ  eight  times  it  contained 
0'176  grm.  Unfortunately  Cyon's  method  of  estimating  urea 
in  the  blood  was  essentially  bad,  as  no  precautions  were  taken  to 
prevent  other  extractives  besides  urea  being  precipitated  by  the 
mercuric  nitrate  used  in  his  process. 
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Gscheidlen  (loc,  cit)  discusses  Cyon's  experimeDts,  and  from  his 
own  observations  he  comes  to  the  conclusion  that  the  increase  in 
the  amount  of  urea  which  Cyon  demonstrated  is  really  due  to  a 
washing  of  that  substance  out  of  the  liver  tissue.  His  experi- 
ments appear  to  have  been  conducted  with  the  greatest  possible 
care.  Before  the  transfusion  was  commenced  a  lobe  of  the  liver 
was  ligatured  off  from  the  rest,  so  that  no  blood  covXA  circulate 
through  it  The  percentage  amount  of  urea  in  the  blood  was 
determined  before  the  commencement  of,  and  at  different  periods 
throughout,  the  experiment,  aud,  finally,  the  urea  in  the  ligatured 
part  and  in  the  transfused  part  of  the  liver  was  estimated.  I 
shall  here  quote  the  results  of  his  fourth  and  most  complete  ex- 
periment, as  his  conclusions  are  of  considerable  importance : — 

Exp,  IV. 

Isolation  of  lobe  completely  successfuL 

Weight  of  liver  without  blood,  =613  grms. 

Isolated  part  =133  grms.  containing  0*018%  urea. 

Transfused  part  after  escape  of 

38  grms.  of  blood         .  =  380  grms.         „         0-0092    „ 

The  amount  of  blood  used  was  870  cc. 

Blood  before  transfusion,         .         .     1068  sp.  gr.         0"020      „ 
„     twice  transfused,  .         .1071      „  0'021      „ 

„     three  times  transfused,  .         .     0072      „  0*0272 

„     four       „  „         .         .     1077      „  0041 


The  absolute  amount  of  urea  at  the  beginning  of  the  experi- 
ment in  the  liver  weighing  513  grms.,  was  0*0923  grm.,  so  that, 
after  subtracting  0*0239  grm.  contained  in  the  ligatured  portion, 
there  remained  in  the  transfused  part  00684  grm.,  and  at  the 
end  of  the  experiment  0*0349  grm.,  so  that  0*0349  grm.  were 
washed  out. 

Thus  stated,,  his  experiment  undoubtedly  indicates  that  the 
urea  is  washed  out  of  the  liver  by  the  blood  flowing  through 
it.  But  if  we  take  into  account  a  factor  which  Gscheidlen 
appears  to  have  overlooked,  we  see  that  an  actual  production  of 
urea  must  have  occurred  during  this  experiment. 

The  870  cc.  of  blood  employed  contained  before  the  experi- 
ment 0020  per  cent  of  urea,  that  is,  0*1858  grm.  of  urea.  After 
passing  once  through  the  liver,  the  amount  of  urea  was  0*1956 
grm.,  an  increase  of  0*0098  grm.  Now,  supposing  that,  for  the 
purpose  of  analysis,  100  cc.  of  blood  were  withdrawn  for  the 
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experiment  at  this  time,  in  the  second  transfusion  770  c.c.  of 
blood  would  pass  through  the  liver,  and  at  the  end  of  this 
passage  as  much  as  0*2242  grm.  of  urea  were  contained  in  the 
blood — that  is,  a  further  addition  of  0*0286  grm.  of  urea  has 
occurred.  Allowing  for  the  withdrawal  of  another  100  cc,  we 
have  during  the  third  transfusion  670  c.c.  of  blood,  which  at 
the  end  of  the  experiment  contained  0'0716  grm.  of  urea, 
making  in  all  a  gain  to  the  blood  of  no  less  than  01100  grm. 
of  urea,  only  0*0334  grm.  of  which  can  be  accounted  for  by  the 
urea  washed  out  of  the  liver.  Here,  therefore,  we  have  a  clear 
demonstration  of  the  fact  that  0*0766  grm.  of  urea  were 
actually  formed  during  this  experiment. 

This  very  important  piece  of  evidence  is  of  special  value,  as 
Gscheidlen's  whole  paper  is  an  attempt  to  combat  experimentally 
the  view  that  the  liver  is  the  organ  in  which  urea  is  produced. 

Von  Schroeder  {Arch.  /.  Exp.  Path,  u,  PharTnac.,  vol.  xv.  p. 
364),  using  a  very  accurate  method  of  urea  determination 
devised  and  tested  by  himself,  has  investigated  fully  by  the 
"  durchstromung "  method  the  production  of  urea  in  the  liver. 
His  results  are  as  follows : — 

1.  That  in  the  fasting  dog  no  increase  in  the  urea  contained 

in  the  blood  occurs  after  the  blood  has  passed  several 
times  through  the  liver. 

2.  In  a  dog  in  full  digestion,  an  increase  of  27*5  per  cent. 

was  observed. 

3.  On  adding  carbonate  of  ammonia  to  the  blood,  a  very  great 

increase  in  the  urea  occurs — as  much  as  222*9  per  cent 
in  one  experiment.     This  increase  is  fairly  proportional 
to  the  amount  of  ammonia  employed. 
4  In  passing  blood  containing  carbonate  of  ammonia  through 

muscle  no  increase  in  the  urea  occurs. 
5.  On  passing  blood  with  ammonia  through  the  kidney  of  the 
ox;  on  blood  being  also   used  no  increase  in  the  con- 
tained urea  occurred. 
These  experiments  are  in  every  way  more  satisfactory  than 
those  of  Cyon  and  Gscheidlen,  and  the  very  different  results  ob- 
tained in  fasting  and  digesting  animals  is  of  special  importance. 
The  most  recent  paper  on  this  subject  is  by  Salomon  {loc, 
cit).    This  observer  shows  that  upon  the  addition  of  ammonia 
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a  large  increase  in  the  amount  of  urea  contained  in  the  blood 
occurs  during  its  passage  through  the  liver,  while  no  such 
increase  is  to  be  observed  after  circulation  through  the  hind 
limb. 

In  regard  to  the  presence  in  the  blood  of  the  hepatic  vein  of 
an  amount  of  urea  greater  than  is  contained  in  the  rest  of  the 
blood,  Gscheidlen  {loc  cit)  and  Gr(5hant  and  Quinquand  {Gaz. 
hehdom,  de  Med,  et  Chirurg,,  1884,  No.  B.)  have  come  to  dia- 
metrically opposite  conclusions.  The  older  observer  adopted  an 
ingenious  method  of  catheterising  the  hepatic  vein  from  the  right 
jugular  view.    The  following  table  gives  his  results: — 


Exp. 

Remarks. 

Carotid. 

Vena  Cava 
Inferior. 

Hepatic 
Vein. 

Vena  Cava 
Inferior. 

Right 
Heart. 

1 
2 
3 
4 
5 

Flesh  diet,     .     . 
Flesh  diet,     .     . 
Ordinary  diet.     . 
Hunger  three  days. 
Flesh  diet,      .     . 

Per  cent. 

■  •  • 

•0138 
•024 

Per  cent. 

027 
•021 
•0169 
•024 

Per  cent. 

•022 
•018 
•023 

0-168 

0-20 

Per  cent. 

•0217 
•029 
•019 
•014 

•  ■  ■ 

Per  cent. 

•  •  • 

•  ■  • 

•  *  • 

•030 

These  results,  if  of  any  value,  would  tell  against  the  theory  of 
the  formation  of  urea  in  the  liver.  The  method  is  certainly 
ingenious,  and  the  experimenter  distinctly  states  that  in  every 
case  he  assured  himself,  by  digital  exploration,  that  the  tube 
really  was  in  the  hepatic  vein.  But,  recollecting  the  intimate 
relationship  of  the  vena  cava  inferior  to  the  right  lobe  of  the 
liver,  and  at  the  same  time  recalling  the  great  difficulty  of  satis- 
factorily exploring  this  part  of  the  abdominal  cavity,  we  are 
bound  to  confess  that  it  is  highly  probable  that  fallacies  quite 
sufficiently  grave  to  account  for  the  very  discrepant  results 
given  in  the  table  may  have  occurred. 

Gr^hant  and  Quinquand  have  more  recently  investigated  this 
subject,  but  in  the  short  note  of  their  observations  in  the  Gaz. 
Jiebdom.  no  account  of  their  method  of  experiment  is  given.  It 
is  merely  stated  that  these  observers  found  a  larger  proportion 
of  urea  in  the  veins  of  the  liver  than  in  the  systemic  veins. 

Perhaps  the  most  important  recent  contribution  to  this  sub- 
ject is  that  recorded  by  Minkowski  in  the  Cbt,  /.  die  Med. 
Wisseneck.  for  the  10th  January  of  this  year.     It  is  a  well- 
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known  fact  that  uric  acid  in  birds  takes  the  place  of  urea  in 
mammals  not  only  in  the  urine,  but  also,  as  shown  by  Meissner, 
in  the  liver.  Taking  advantage'  of  the  fact  that  the  vena 
Jacobsonii,  which  connects  the  portal  vein  with  the  veins  of  the 
kidney  in  nearly  all  birds,  is,  in  the  goose,  specially  well 
developed,  he  excluded  the  liver  from  the  circulation  both  by 
ligaturing  its  vessels  and  by  excision,  and  found  that  the  uric 
acid  normally  occurring  in  the  urine  was  replaced  by  lactic  acid. 
This  experiment  clearly  demonstrates  that  in  birds  uric  acid  is 
produced  in  the  liver,  and  renders  it  highly  probable  that  in 
mammals  urea  is  produced  in  the  same  organ.  Of  especial 
interest  are  these  observations  of  Minkowski,  when  we  recall 
Frerich's  discovery  of  the  disappearance  of  urea  and  appearance 
in  its  place  of  leucin  and  tyrosin  in  acute  yellow  atrophy  of 
the  liver. 

Besides  these  strictly  scientific  methods  of  investigating  this 
question,  other  modes  of  experiment  have  been  employed. 
Among  these  Electrisation  of  the  Liver  has  yielded  in  the 
hands  of  Sigrist  {St  Fetersh.  Medic,  Wochsch.,  v.  Jahrg.,  1880, 
Nov.  12)  and  of  Stolnikow  {ibid,,  1870)  positive  results.  I 
have  been  unable  to  procure  the  original  papers,  but  Saenger, 
whose  investigations  on  this  subject  must  be  mentioned  later, 
gives  a  full  abstract  of  the  former  observer's  work.  In  five 
experiments  the  interrupted  current  was  employed,  and  in 
two  the  constant  current.  In  all  one  electrode  was  placed  just 
under  the  ensiform  cartilage,  while  the  other  was  moved 
about  over  the  surface  of  the  liver,  care  being  taken  to  avoid 
causing  muscular  contractions.  The  urea  excreted  by  the 
kidneys  was  estimated  daily.  In  all  seven  cases  a  well  marked 
increase  in  the  urea  was  observed  during  the  days  upon  which 
electricity  was  used,  and  after  the  cessation  of  this  treatment 
a  return  to  the  normal  occurred.  Stolnikow  (loc.  cit)  finds  a 
similar  increase  both  with  men  and  dogs.  Saenger  (Ueber  die 
Hamstoffavscheidunff  nach  Electrisirung  der  Leber,  "Inaug. 
Dissert.,"  Gottingen,  1881),  employing  the  same  mode  of  stimula- 
tion as  Sigrist,  finds  absolutely  no  increase  in  the  urea  excreted. 
His  observations  were  made  on  patients  attending  the  eye 
clinique  who  were  free  from  internal  disease.  The  diet  consisted 
of  black  bread  with  butter,  about  200  to  250  grms.  of  flesh, 


122 


DR  D.   NOfiL-PATON. 


vegetables,  potatoes,  and  milk  soup.  Five  experiments  are 
recorded,  and  in  none  of  these  is  there  any  rise  in  the  urea 
excreted,  though  the  water  of  the  urine  is  very  markedly 
increased  in  amount. 

The  evidence  afforded  by  electrical  stimulation  of  the  neigh- 
bourhood of  the  liver  is  therefore  so  conflicting  that  it  must  be 
disregarded. 

M.  Bronardel  (Arch,  de  Phys,,  1876)  gives  one  extremely 
interesting  experiment  upon  the  influence  on  the  urea  excretion 
of  artificially  produced  congestion  of  the  liver  of  a  dog.  His 
mode  of  experiment  was  as  follows : — A  small  dog  was  kept  for 
some  time  upon  fixed  diet,  the  urine  was  daily  collected  and 
measured,  and  the  urea  estimated  by  the  hypobromite  process. 

When  the  urea  excretion  became  fairly  constant,  the  dog  was 
held  up  and  the  region  of  the  liver  was  violently  beaten  with  a 
stick.  The  following  table  shows  the  result  of  this  experiment: — 


Date. 

Urine. 

Urea. 

Remarks. 

July  14 
„      15 
„      16 

„     17 
„     18 
„     19 
„     20 
„     21 
„     22 
„     23 
»     24 
„     25 
„     26 

300 
200 
200 
150 
320 
280 
400 
200 
200 
320 
500 
320 
200 

1210 

13-80 

9  00 

9-00 

3150 

21-80 
32-00 
16-00 
17-10 
18-90 
22-00 
17-20 
16  00 

• 

Contusion  of  liver. 

He  observes  that  the  appetite  of  the  dog  remained  good  dar- 
ing the  whole  experiment 

Striking  as  are  the  results  obtained,  such  an  experiment  is  by 
no  means  free  from  objections.  In  the  first  place,  one  such 
observation  is  not  sufficient ;  in  the  second  place,  we  have  no 
evidence  that  the  liver  really  was  congested ;  and,  in  the  third 
place,  it  would  be  necessary  to  show  that  a  contusion  elsewhere 
will  not  produce  a  similar  result.    For  Angerer  {Klin,  u.  exp. 
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Unters.  iiber  die  Resorh.  von  Blutexiravasat,,  1879)  has  Bhown 
that  the  production  of  a  hsematoma  will  induce  a  well-marked 
degree  of  fever  lasting  for  some  days,  and,  therefore^  especially 
when  we  remember  that  it  is  connected  with  resorbtion  of 
blood,  may  in  itself  be  sufficient  to  account  for  the  increased 
urea  formiition. 

Passing  now  to  the  consideration  of  the  clinical  evidence  on 
the  subject,  our  attention  is  at  once  arrested  by  the  important 
discovery  of  Frerichs  concerning  the  changes  in  the  urea  excretion 
during  the  progress  of  acute  yellow  atrophy  of  the  liver.  His 
observations  are  so  generally  known  that  it  is  needless  to  repro- 
duce them  here.  The  diminution  and  ultimate  disappearance  of 
urea  from  the  urine,  its  place  being  taken  by  leucin  and  tyrosin, 
during  the  coarse  of  this  atrophic  disease  of  the  liver,  is  a  fact 
of  prime  importance.  To  quote  Salkowski's  observations  on  the 
subject — *'  Das  Gewicht  dieses  Factum  kann  durch  gegentheilige 
physiologische  Experimente  nicht  erschiittert  werden.'' 

Less  well  known  than  Frerichs'  observation,  but  nevertheless 
of  very  great  importance,  is  the  long  series  of  experiments 
recorded  by  M.  Bronardel  (loe.  cU,),  from  which  he  contends  that 
the  amount  of  urea  excreted  depends  upon — 

1.  The  state  of  the  hepatic  cells. 

2.  The  greater  or  less  activity  of  the  hepatic  circulation. 

It  is  impossible  here  to  discuss  at  length  his  long  and  ex- 
haustive paper.    His  chief  conclusions  are  as  follows : — 

1.  In  ict^re  grave  (acute  yellow  atrophy)  the  urea  is  diminished, 

and  may  entirely  disappear. 

2.  In  the  icterus  of  phosphorous  poisoning  the  urea  diminishes 

considerably,  but  after  each  injection  of  the  drug  a  rise 
in  the  amount  is  observed. 

3.  In  ict^re  pseudo-grave  the  urea  behaves  in  the  same  way  as 

in  ictire  grave,  but  at  the  urinary  crisis  a  considerable 

elimination  of  urea  occurs,  and  at  the  same  time  the 

liver  augments  in  size. 
4  In  simple  icterus  the  urea  is  not  diminished ;  it  may  be 

increased. 
5.  In  suppurative  hepatitis,  according  to  Parkes,  the  urea  is 

increased  in  the  early  stages,  but  it  is  diminished  when 

the  abscess  h^  destroyed  liver  tissue. 
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6.  Biliary  calculus,  followed  by  atrophy  of  the  liver,  is  con- 

nected with  diminution  in  the  urea.  This  diminution  is 
best  marked  during  the  hepatic  colic.  Also,  according 
to  Beynard,  it  is  diminished  in  intermittent  hepatic 
fever. 

7.  In  cirrhosis  of  the  liver,  whether  it  be  hypertrophic  or 

atrophic,  the  urea  is  diminished  even  though  the  patient 
continues  to  take  much  food. 

8.  In  heart  disease  the  urea  is  diminished. 

9.  In  phthisis,  &c.,  urea  is  diminished. 

10.  It  is  similarly  affected  in  chronic  hepatic  affections,  as 

cancer,  &c. 

11.  In  congestion  of  tha  liver  the  urea  is  increased. 

12.  In  lead  colic  it  is  diminished,  but  it  increases  in  amount  as 

the  liver  increases  in  size. 

13.  In  transient  glycosuria  the  urea  increases  along  with  the 

glycosuria,  or  just  as  it  is  disappearing. 

14.  In  diabetes  there  is  a  great  increase  in  the  urea. 

So  much  for  the  clinical  evidence,  which  points  even  more 
strongly  than  the  experimental  to  the  liver  as  the  seat  of  urea 
formation. 

Be  viewing  as  a  whole  the  facts  here  given,  we  are  forced  to 
the  conclusion  that,  though  we  have  no  evidence  that  urea  is 
produced  or  is  contained  in  the  liver  cells,  no  doubt  can  exist 
that  the  blood  in  passing  through  the  liver  gains  urea,  and  that 
this  increase  in  the  urea  depends  directly  upon  the  condition  of 
the  hepatic  cells. 

In  a  future  paper  I  intend  to  record  the  results  of  an  investi- 
gation undertaken  to  elucidate  the  question  of  how  this  increase 
is  brought  about.  At  present  I  shall  confine  myself  entirely  to 
the  relationship  of  the  production  of  urea  with  the  secretion  of 
bile. 

{To  be  continued  in  tlie  next  Nwriber^ 


THE  INDEX  OF  THE  PELVIC  BRIM  AS  A  BASIS  OF 
CLASSIFICATION.  By  Professor  Wm.  Tueneb,  M.B., 
LL.D.,  F.R.S. 

[This  proposed  classification  of  the  pelvis  was  communicated  to  the 
Anthropological  Section  of  the  British  Association  in  Aberdeen,  Sep- 
tember 1885.  It  forms  a  part  of  the  chapter  on  the  pelvis  in  mj 
**  Beport  on  the  Bones  of  the  Skeleton  "  collected  during  the  voyage 
of  H.M.S.  "  Challenger,"  and  the  Tables  of  Measurements  referred  to 
are  included  in  that  Report.] 

That  the  inlet  to  the  true  pelvis  presents  variations  in  outline, 
and  in  the  relative  proportions  of  its  conjugate  and  transverse 
diameters,  has  been  recognised  by  anatomists  since  the  form  of  the 
pelvis  in  the  different  races  of  men  began  to  be  studied.  Thus 
Yrolik  pointed  out^  that  in  the  Negro  the  conjugate  diameter  of 
the  brim  was  very  great  in  proportion  to  the  transverse  diameter 
when  compared  with  the  European.  But  the  first  to  put  these 
variations  into  systematic  shape  was  Professor  M.  J.  Weber  of 
Bonn,  who  described  four  prime  forms  of  pelvis,  which  he  desig- 
nated oval,  round,  four-sided,  and  wedge-shaped.^  In  the  oval 
pelvis  the  transverse  diameter  of  the  brim  distinctly  exceeded 
the  conjugate,  and  the  pelvic  inlet  was  transversely  ovoid ;  in 
the  round  pelvis  the  transverse  and  conjugate  diameters  were 
almost  equal,  and  the  pelvic  inlet  was  circular ;  in  the  four-sided 
pelvis  the  transverse  diameter  exceeded  the  conjugate,  the  sides 
and  anterior  and  posterior  boundaries  of  the  pelvic  brim  were 
flattened  so  as  to  give  a  quadrangular  shape;  in  the  wedge- 
shaped  pelvis  the  inlet  was  laterally  compressed,  and  the  trans- 
verse diameter  greatly  reduced  near  the  symphysis,  so  that  the 
pubic  bones  joined  at  an  acute  angle,  the  conjugate  diameter 
was  therefore  greater  than  the  transverse,  and  the  outline  of  the 
inlet  was  cuneiform.  Although  he  recognised  that  differences 
existed  in   the  dimensions  of    the  conjugate  and  transverse 

^  Considirations  sur  la  DiversiU  des  Bassitis  dc  diff&reiites  routes  kumaines, 
Aniflterdam,  1826. 

*  Die  Lehre  von  den  Ur-  und  Eassen-formen  der  Schddel  und  Becken  des  Men- 
achen,  Dosseldorf,  1830. 
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diameters  in  the  same  pelvis,  yet  Weber  did  not  give  such  a 
numerical  expression  to  these  differences  as  to  enable  them  to 
be  referred  to  a  common  standard.  A  few  years  afterwards  von 
Stein  divided^  the  form  of  the  pelvic  inlet  into  four  classes — 
truncated-cordate  (abgestumpfte  Kartenherzform) ;  elliptical, 
where  the  transverse  diameter  is  the  larger ;  round ;  and  ellipti- 
cal, where  the  conjugate  diameter  is  the  larger.  He  stated  also 
that  one  would  be  justified  in  speaking  of  a  difference  of  breadth 
index  in  the  pelvis  as  in  the  skull.  Like  Weber  he  does  not 
appear,  however,  to  refer  these  differences  to  a  common  standard. 
This  was,  however,  subsequently  done  by  Professor  Zaaijer  of 
Leyden,  who,  in  his  important  memoir  on  the  form  of  the  pelvis 
in  the  women  of  Java,^  suggested  that,  in  order  to  give  a  fixed 
standard  of  comparison  between  the  conjugate  and  transverse 
diameters,  the  transverse  diameter  should  be  regarded  as  equal 
to  100.  Then  by  multiplying  the  conjugate  diameter  by  100, 
and  dividing  by  the  transverse  diameter,  the  proportion 
which  the  conjugate  diameter  bore  to  100,  or  in  other 
words  a  pelvic  or  brim  index,  was  obtained.  When  these 
diameters  bore  to  each  other  the  relation  of  100  to  90  or 
under,  then  he  regarded  the  pelvic  inlet  as  round.  But 
when  the  conjugate  was  greater  in  relation  to  the  transverse,  he 
called  it  longish  oval.  About  the  same  time  C.  Martin  grouped  ^ 
pelves  into  a,  those  with  a  round  inlet,  in  which  the  conjugate 
was  almost  as  large  as  the  transverse  diameter,  or  at  the  most 
one-tenth  smaller ;  and  b,  those  with  a  transversely  oval  inlet, 
in  which  the  conjugate  was  more  than  one-tenth  smaller  than 
the  transverse  diameter. 

The  mode  of  estimating  the  brim  or  pelvic  index  after  the 
the  formula  of  Professor  Zaaijer  has  been  adopted  by  the 
majority  of  anthropologists,  though  some  would  have  preferred 
to  have  reversed  his  formula  and  to  have  taken  the  conjugate 
diameter  as  equal  to  100.^    This,  indeed,  was  at  one  time  the 

^  **  Ueber  die  MeinaQgyon  RaceDverschiodenheiten  der  Becken,"  Neue  Zeiiaehr, 
/.  OeburtskundCf  Bd.  xv.,  1844. 

*  HoUdndiache  Oesellschaft  der  JVissensch.  zu  Haarlem^  D.  xxiv.,  1866. 

*  "  Beckenmessung  an  verschied.  Menschearassen,"  Monatschrifi  fur  Geburtsk, 
1866,  p.  23. 

*  See  for  example  Carl  Martin's  paper  in  Corresp.  BlaU  der  deuZsch.  OcselUch, 
t  Anthro.  Ethn.  u.  Urgesch,  Marz,  1881. 
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opinion  of  M.  Topinard,  though  in  his  Elements  (TArUhropologie 
g&n4rale  he  has  conformed  to  the  usual  practice. 

The  attempts  which  were  made  by  Zaaijer  and  Martin  to 
frame  a  classification  of  the  pelvis  on  modifications  in  the  rela- 
tive proportions  of  the  conjugate  and  transverse  diameters  of  the 
brim  were  not  successful,  and  did  not  find  much  favour  amongst 
anthropologists,  so  that  one  meets  with  but  little  reference  to  them 
in  current  literature.  This  failure  is,  I  think,  in  a  great  measure 
to  be  accounted  for  partly  by  the  paucity  of  the  observations, 
but  mainly  because  they  based  their  calculations  largely  on  the 
study  of  female  pelves,  in  which,  for  sexual  reasons,  there  is  to 
a  considerable  extent  an  approximation  in  form  in  different  races, 
so  that  one  does  not  meet  in  them  with  such  striking  variations 
in  shape  as  when  one  compares  the  males  in  the  same  races.  In 
the  males,  therefore,  the  form  characteristic  of  the  race  is  more 
fixed,  and  from  their  study  it  is,  I  think,  possible  to  frame  a 
classification  of  the  pelvis. 

There  are  two  groups  of  measurements  which,  from  their 
importance,  might  serve  as  a  basis  for  such  a  classification,  viz., 
a^  the  breadth  and  height  of  the  entire  pelvis,  from  which  a 
breadth-height  index  can  be  computed ;  and  &,  the  conjugate  and 
transverse  diameters  of  the  pelvic  brim,  from  which  the  so-called 
pelvic  index  can  be  computed.    There  can,  I  think,  be  little 
doubt  that,  if  sufficiently  reliable  data  are  obtainable,  a  classifi- 
cation of  the  pelvis  into  readily  recognisable  groups  would  be 
extremely  convenient,  and  would  save  much  time  and  trouble  in 
description.    Graniologists  must  be  for  ever  grateful  to  Anders 
Betzius  for  his  grouping  the  skulls  of  the  races  of  men  into  the 
two  great  divisions  of  dolichocephalic  and  brachycephalic,  whilst 
the  separation  from  the  more  extreme  forms  of  these  groups  of 
an  intermediate  or  mesaticephalic  division  by  Paul  Broca  has 
been  of  material  service. 

Owing  to  the  paucity  of  pelves  in  our  museums,  as  compared 
with  the  number  of  crania  of  the  best  known  races,  we  are  not  in 
a  position  to  speak  with  so  much  certainty  of  the  characteristic 
pelvic  form  as  we  are  of  the  head  form  in  so  many  races,  but  there 
is  now,  I  think,  sufficient  material  belonging  to  a  number  of  races 
to  enable  me  to  offer  for  the  consideration  of  anthropologists  a 
classification  which  may,  I  trust,  be  regarded  as  satisfactory. 
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The  (limeDSLons  which  I  shall  take  as  presenting,  in  m} 
judgment,  the  most  reliable  data  for  comparison  are  the  conju- 
gate and  transverse  diameters  of  the  pelvic  brim,  and  the 
classification  will  be  based  on  the  modifications  in  the  value  of 
the  brim  index,  the  so-called  pelvic  index.  I  shall  not,  however, 
as  was  done  by  Zaaijer  and  Martin,  limit  myself  to  a  division 
into  two  groups,  but  shall  make  three  divisions,  two  of  which 
will  represent  extreme  forms  in  opposite  directions,  whilst  the 
third  will  be  intermediate.  I  shall  express  these  divisions  in 
terms  derived  from  the  Greek,  so  that  the  nomenclature  in  pelvic 
classification  may  be  as  far  as  possible  on  the  same  lines  as  the 
well-known  divisions  of  crania.  As  the  word  TreXXa  or  TriWif 
is  equivalent  to  the  Latin  pelvis,  I  shall  combine  this  word  with 
SoKixo^,  longi  to  express  one  extreme  form,  with  TrXarvg,  wide, 
to  express  the  opposite  form,  and  with  /Mea-airaTO^,  middlemost, 
to  express  the  intermediate  condition.  By  doiichopellic  is  to  be 
understood  a  pelvis  in  which  the  conjugate  diameter  of  the  brim 
is  either  longer  than  the  transverse  or  approaches  closely  to  it ; 
by  plati/pellic  a  pelvis  in  which  the  transverse  diameter  of  the 
brim  greatly  exceeds  the  conjugate;  by  mesatipdlic  a  pelvis  in 
which  the  transverse  diameter  is  not  so  greatly  in  excess  of  the 
conjugate.^  It  may  not  be  possible  in  the  present  state  of  our 
knowledge  to  fix  definitely  the  numerical  limits  of  each  group, 
as  it  may  need  a  wider  range  of  material  for  comparison,  both  as 
regards  races  and  the  number  of  pelves  in  each  race,  than  we  at 
present  possess.  In  any  case,  indeed,  just  as  in  the  classification 
of  crania,  the  numerical  limits  would  be  arbitrary ;  still  it  will 
be  advisable  to  give  to  each  division  such  a  range  as  will  in  all 
probability  include  within  it  those  pelves  in  a  given  race  that 
present  the  characteristic  form.  For  the  present,  then,  we  will 
assume  that  pelves  with  a  brim  index  above  95  are  doiichopellic, 
that  those  with  a  brim  index  below  90  are  platypellic,  whilst 

*  Eilian,  in  an  essay  entitled  "  Das  Stachelbecken,"  employs  the  term  Akan- 
thopelys  (pelvis  spinosa)  to  designate  a  pelvis  in  which  the  ilio-pectineal  line  has 
a  knife-like  edge,  or  a  distinct  pointed  process  projecting  from  it  (see  his  Sckil- 
derung  netter  Becke^iform^  Mannheim,  1854).  I  have  not  followed  him  in  his 
rendering  of  the  Greek  word  for  pelvis,  but  have  constructed  the  form  used  in 
the  text.  Again,  I  have  not  used  the  word  **  brachypellic,"  as  I  wished  to  bring 
out,  by  the  employment  of  **  platypellic,"  that  relatively  great  width  was  the 
characteristic  feature  of  this  form  of  pelvic  brim. 
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those  whose  brim  index  ranges  from  90  to  95,  both  inclusive,  are 
mesatipellic.  Bat  it  is  qnite  possible  that  these  limits  may 
subsequently  need  some  modification. 

First,  we  will  inquire  into  the  value  of  the  brim  index  in 
Europeans,  and  about  them  we  are  fortunate  to  possess  a  good  deal 
of  information,  as  the  dimensions  of  the  brim  have  been  measured 
in  numerous  pelves  in  several  of  the  principal  nations.  Thus,  if 
we  take  British  pelves  and  reduce  the  measurements  from  inches 
to  millimetres,  we  find  that  of  those  measured  by  J.  J.  Watt  the 
males  had  a  transverse  diameter  of  116  mm.  (4  in.  6  lines)  and 
a  conjugate  of  102  mm.  (4  in.),  which  gives  a  brim  index  87'9  ; 
the  females,  again,  had  a  transverse  diameter  142  mm.  (5  in. 
6  lines),  and  a  conjugate  124  mm.  (4  in.  9  lines),  giving  a  brim 
index  87*3.  The  pelves  measured  by  John  Wood  ^  gave  for  the 
males — transverse  120  mm.,  conjugate  103,  the  brim  index  being 
85 ;  and  for  the  females — transverse  132  mm.,  conjugate  114,  the 
brim  index  being  86.  My  own  measurements  of  six  males  gave  a 
mean  transverse  diameter  127  mm.  and  a  mean  conjugate  98  mm., 
with  a  brim  index  77 ;  and  of  eleven  females  a  mean  transverse 
of  137  mm.  and  a  mean  conjugate  of  109  mm.,  with  a  brim  index 
79.  M.  Verneau,^  in  his  table  of  the  measurements  of  Europeans, 
presumably  French,  states  that  this  index  is  80  in  the  men  and 
78  in  the  women.  Gegenbaur  gives  the  mean  dimensions  of  the 
brim  in  pelves  presumably  German  as  follows  :* — for  the  males — 
transverse  diameter  128,  conjugate  108,  the  brim  index  being  84; 
for  the  females — transverse  diameter  135,  conjugate  116,  the 
brim  index  being  85'9.  W.  H.  Flower  states  that  his  measure- 
ments of  11  European  males — the  nation  not  being  specified — 
gave  a  pelvic  index  81,  and  of  14  females  an  indes  of  about  78. 
In  the  measurements  made  by  John  Wood,  Gegenbaur,  and 
myself,  the  brim  index  in  the  male  pelvis  is  a  little  below  the 
brim  index  in  the  female,  but  in  those  measured  by  J.  J.  Watt, 
Verneau,  and  Flower,  the  brim  index  of  the  males  somewhat 
exceeded  the  females.  Additional  observations  on  the  pelvic 
brim  in  European  women  have  been  made  by  Garson,  whose 
measurements  give  80  as  the  brim  index;  by  Navas,  whose 

1  Article  "  Pelvis"  in  Todd's  Oyclopcodia  of  AiuU,  and  Pkys.,  t.,  1859. 
^  Le  JSassin  dans  les  Sexes  et  dans  Us  Eaces^  Paris,  1876. 
'  Lehrbuch  der  anatomie  des  Menschen,  p.  265,  1883.  j 
VOL.  XX.  I 
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measurements  of  Spanish  women  furnish  a  brim  index  81 ;  and 
by  C.  Martin,  whose  measurements  give  69  as  the  brim  index  of 
Irish  women,  and  these  also  are  platypellic.  The  lowest  mean 
recorded  in  any  of  these  European  nations  was  77  for  the 
males  in  the  Scottish  pelvis,  and  69  for  the  females  in  the 
Irish  pelvis ;  and  the  highest  mean  was  87*9  for  the  males  and 
87'3  for  the  females,  so  that  they  all  fall  into  my  platypellic 
division. 

In  placing  the  European  pelvis,  both  male  and  female,  so  far 
as  it  is  represented  by  these  nations,  in  the  platypellic  division, 
it  is  not  of  course  to  be  understood  that  no  individual  European 
pelvis  ever  attains  a  brim  index  of  90  or  upwards,  but  that  the 
mean  in  both  sexes  is  below  90,  and  as  a  rule  is  markedly  below 
that  number. 

In  the  next  place,  I  shall  speak  of  another  type  of  pelvis,  and 
shall  begin  by  considering  the  brim  index  in  the  Australian 
pelvis.  All  the  anatomists  who  have  written  on  the  characters 
of  the  male  pelvis  in  this  race  agree  in  stating  that  the  pelvic 
brim  is  narrow  iu  its  transverse  diameter  as  compared  with  the 
conjugate.  Professor  Huxley,^  who  was  one  of  the  first,  if  not 
the  first,  to  give  a  numetical  expression  to  these  diameters  in 
this  race,  gives  the  mean  pelvic  index  of  five  males  which  he 
had  measured  as  101,  and  of  one  female  as  37.  In  only  one  of 
these  males  was  the  transverse  diameter  in  excess  of  the 
conjugate.  In  Ecker's  Australian  male  the  index  was  100,  in 
Keferstein's  95,  and  the  mean  index  of  the  five  Australian  males 
in  the  Blumenbach  collection,  as  measured  by  Spengel,  was  92.' 
In  the  single  male  Australian  measured  by  M.  Verneau  the 
brim  index  was  98,  and  the  mean  of  this  index  in  two  females 
was  80.  Professor  Flower,'  in  his  account  of  the  osteology  of 
the  Andaman  Islanders,  incidently  mentioned  that  ten  male 
Australian  pelves  which  he  had  measured,  and  which  probably 
included  the  five  pelves  previously  measured  by  Professor 
Huxley,  and  that  measured  by  Dr  Barnard  Davis,  gave  an 

^  ''Notes on  the  Human  Remaina"  in  Laing'a  Prehistoric  Eemains <^  Caithness, 
1866. 

'  Spengel'a  meaaurementa  of  pelves  in  the  Blnmenbach  collection  are  given  in 
the  Supplement  to  T?iesaurtLs  CrafUorum,  by  Dr  Barnard  Davis,  in  a  Table  opposite 
page  96. 

^Jounud  oj  AnthropoL  Inst,,  Nov.  1879. 
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average  pelvic  index  of  98.  From  Dr  Garson's  ^  measurements 
of  five  Australian  female  pelves  an  index  of  91  has  been  com- 
puted. In  my  series  of  six  adult  males,  measured  in  Table  I., 
the  mean  brim  index  was  97,  and  in  the  only  female  96 ;  of  the 
six  males  three  exceeded  95,  one  of  them  very  considerably  so, 
and  three  were  below  that  number. 

There  is  now,  I  think,  sufficient  material  before  us  to  pro- 
nounce a  definite  opinion  on  the  relative  size  of  the  transverse 
and  conjugate  diameters  of  the  pelvic  brim  in  both  sexes  of 
Australians.  It  is  clear  that  in  the  women  the  transverse 
diameter  is  larger,  and  not  un frequently  considerably  larger, 
than  the  conjugate,  so  tjiat  the  pelvic  index  is  for  the  race 
relatively  low.  If  we  include  M.  Verneau's  two  female  pelves, 
which,  from  their  low  index  of  80,  one  might  be  disposed  to 
doubt  if  they  were  genuine  Australians,  the  mean  index  of  the 
nine  females  measured  was  88'5»  and,  if  we  exclude  these,  it  was 
91*3;  in  either  case  being  considerably  above  the  European 
mean  for  the  same  sex,  and  placing  the  Australian  female  pelves 
onjthe  verge  between  the  mesatipellic  and  platypellic  groups. 
In  the  males,  on  the  other  hand,  the  conjugate  diameter  very 
often  exceeds  the  transverse,  and  seldom  falls  much  below  it, 
and  as  the  transverse  diameter  rapidly  diminishes  in  the  pubic 
Tegion,  a  cuneiform  pelvic  brim  is  produced.  The  mean  brim 
index  of  the  twenty-four  males  measured  by  Ecker,  Keferstein, 
Spengel,  Vemeau,  Flower,  and  myself  is  96"6,  so  that  they 
distinctly  belong  to  the  dolichopellic  group. 

Data  for  enabling  one  to  obtain  a  knowledge  of  the  brim 
index  in  the  Bush  race  have  been  furnished  by  several  anato- 
mists. The  brim  measurements  of  five  males  have  been  recorded 
by  Johannes  Miiller,^  Huxley,  G.  Fritsch,*  and  myself,  and  of 
eight  females  by  Vrolik,  Miiller,  Huxley,  Gortz,*  Verneau,  and 
Fritsch.  In  the  females  the  transverse  diameter  in  some 
specimens  considerably  exceeded  the  conjugate,  thus  in  Yerneau's 
table  the  mean  of  his  two  pelves,  one  of  which  was  the  well- 
known  Hottentot  Venus  described  by  Cuvier,  gave  87  mm.  for 

»  "Pelvimetry,**  Jcmr,  AruU.  and  Phys,,  Oot.  1881. 
«  Arckiv.  /.  Aiiat.  and  Fhys.,  1834,  p.  882. 
»  Die  Einyebarenen  Sad  A/rikas,  Breslau,  1872. 
*  Ueber  das  Beeken  eines  Busehvmbesy  Tubingen,  1868. 
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the  conjugate  and  122  mm.  for  the  transverse  diameters,  with  a 
brim  index  therefore  of  71 ;  whilst  in  the  woman  Afandy, 
described  by  Gortz,  the  conjugate  was  111  mm.  and  the  trans- 
verse 110  mm.,  which  give  an  index  of  100'9.  The  mean  brim 
index  in  the  eight  women  was  89,  which  places  the  female 
pelvis  in  the  highest  term  of  the  platypellic  group,  though 
individual  specimens  belonged  to  each  of  the  three  divisions. 
The  male  Bush  pelves,  again,  showed  a  much  smaller  range  of 
variation  in  the  brim  index,  and  the  conjugate  and  transverse 
diameters  were  more  nearly  equal.  The  lowest  index,  93,  was 
in  Fritsch's  specimen,  in  which  the  conjugate  diameter  was  96 
and  the  transverse  103  mm.,  and  the  highest  index,  109,  was  in 
the  pelvis  recorded  in  my  Table  VI.  The  mean  of  the  five 
males  was  99*5,  so  that  they  have  a  well-marked  dolichopellic 
character.  Notwithstanding  the  high  proportion  of  the  conjugate 
to  the  transverse  diameter,  the  shape  of  the  brim,  if  I  may  judge 
of  its  form  from  my  specimen,  and  from  the  two  pelves  figured 
by  Fritsch,  is  not  cuneiform,  for  the  two  pubic  bones  do  not 
rapidly  approximate  to  each  other  as  in  the  Australian  pelvis; 
in  my  pelvis  the  term  antero- posteriorly  oval  properly  expresses 
the  form  of  the  brim. 

The  pelvic  index  of  a  male  Hottentot,  measured  by  Jeffries 
Wyman,^  was  94*4 ;  but  the  fullest  information  that  we  possess 
on  the  pelvis  of  the  Hottentots  is  contained  in  the  valuable 
treatise  on  the  aborigines  of  South  Africa  by  Gustaf  Fritsch.  He 
puts  the  dimensions  of  the  pelvic  brim  of  a  Hottentot  woman  at 
96  mm.  for  the  transverse  diameter  and  101  mm.  for  the  con- 
jugate, giving  a  brim  index  105,  which  is  remarkably  high  for 
the  female  pelvis.  The  transverse  diameter  of  two  male  Eorana 
Hottentots  is  respectively  105  and  91  mm.,  whilst  the  conjugate 
of  the  same  is  96  and  108  mm.,  from  which  a  brim  index  of 
914  for  the  one  and  118  for  the  other  can  be  computed,  giving 
a  mean  for  the  two  of  104*7.  So  far,  then,  as  we  can  judge 
from  these  few  specimens,  the  Hottentot  pelvis  is  dolichopellic. 
Fritsch  also  gives  the  measurements  of  six  male  and  one  female 
Kaffir  pelvis,  and  from  these  measurements  I  have  calculat^ed 
their  indices.    The  female,  with  a  transverse  diameter  107  mm. 

^  Proc.  Boston  Soe.  Nat,  Hist.,  April  1862  and  Dec.  1S63  ;  also  Anthropological 
Jieview,  vol.  iii.,  1865. 
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and  a  conjugate  96,  had  an  index  897,  whilst  the  males  varied 
in  the  brim  index  from  95  to  108,  and  had  a  mean  of  100*6. 
Weber  had  also  previously  figured  the  pelvis  of  a  male  Kaffir, 
in  which  the  transverse  diameter  of  the  brim  was  3  inches  9 
lines,  and  the  conjugate  4  inches.  The  brim  index  was  102*6, 
and  he  placed  this  pelvis  in  his  wedge-shaped  group.  There  can 
be  no  doubt,  therefore,  that  the  pelvis  in  the  male  Kaffirs  is 
dolichopellic. 

A  considerable  number  of  Negro  pelves  have  now  been 
measured.  As  a  rule  nothing  definite  has  been  stated,  or,  in  all 
probability,  indeed  known  of  the  exact  districts  or  tribes  from 
which  most  of  these  pelves  were  obtained,  but  Yerneau  in  his 
essay  especially  mentions  Nubia,  Mozambique,  and  Guadeloupe 
as  the  localities  from  which  certain  of  his  specimens  were  derived. 
The  measurements  of  the  Negresses  described  by  Vrolik,  Weber, 
John  Wood,  Fritsch,  Verneau,  Martin,  and  myself  amounted  to 
thirty-one,  though  it  is  possible  that  the  same  specimen  may 
have  been  measured  by  more  than  one  of  these  observers.  The 
lowest  brim -index,  75*7,  was  that  recorded  by  Fritsch,  and  the 
highest,  106,  was  the  pelvis  measured  by  John  Wood ;  the  mean 
of  the  series  was  88*3.  The  measurements  of  the  Negroes 
described  by  von  Sommerring,  Vrolik,  John  Wood,  Huxley, 
Barnard  Davis,  Spengel,  Yerneau,  and  myself  amounted  to 
thirty-five,  though  with  them  it  is  also  possible  that  the  same 
pelvis  may  have  had  its  measurements  recorded  by  more  than 
one  observer.  The  lowest  brim  index,  72,  was  measured  by 
Spengel,  and  the  highest  a  male  described  by  John  Wood,  with 
an  index  of  105,  whilst  the  mean  of  the  series  was  92*7.  In 
the  male  Negro,  therefore,  there  is  a  greater  difference  as  a 
rule  between  the  transverse  and  conjugate  diameters  than  in 
the  Australians,  Bushmen,  and  Kaffirs,  and  the  transverse 
diameter  is  proportionately  wider.  The  males  were  mesatipellic, 
the  females  in  the  higher  term  of  the  platypellic  division.  The 
brim,  therefore,  as  a  rule,  was  not  cuneiform,  but  had  a  more 
rounded  outline. 

The  most  extensive  series  of  measurements  of  the  pelvis  in 
the  Andaman  Islanders  has  been  given  by  Professor  Flower  in 
his  memoir  on  their  Osteology  and  in  his  Additional  Observa- 
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tions  thereon.1  His  measurements  of  the  pelvic  brim  gave  a 
mean  index  in  thirteen  females  of  96*4  and  in  twelve  males  of 
98'8.  Dr  Garson's  measurements  of  apparently  the  same  thirteen 
female  pelves  furnish  the  same  mean  index  964.  These  numbers 
are  higher  than  I  got  in  my  much  more  limited  series  (Table  IV.), 
where  the  three  adult  females  had  a  mean  brim  index  of  87  and 
the  single  adult  male  an  index  of  97.  Notwithstanding  these 
differences,  it  is,  however,  quite  clear  that,  as  the  brim  index 
was  about  98  in  the  males,  the  pelvis  in  this  sex  was  distinctly 
in  the  dolichopellic  division.  In  the  females,  again,  the  index, 
was  lower,  and  if  the  mean  of  Flower's  and  my  observations  be 
taken,  it  was  91*7,  which  places  their  pelvis  in  the  mesatipellic 
group, 

The  measurements  of  a  single  male  Nikobar  Islander  in  the 
Berlio  Museum  have  been  given  by  Gustaf  Fritsch  in  his  Table 
II.  The  transverse  diameter  of  the  brim  was  102  mm.,  the 
conjugate  91  mm.,  and  the  pelvic  index  was  89.  It  was  there- 
fore in  the  higher  term  of  the  plalypelUc  division,  but  in  all 
probability  the  mean  index  in  this  race  will  be  found  to  be 
higher  when  a  large  average  has  been  obtained. 

Dr  Barparl  Pavis  has  given  the  dimensions  of  the  pelvis  in 
three  males  and  one  female  Tasmanian  skeleton.  The  brim 
index  in  the  female  was  83,  and  the  mean  index  of  the  three 
males  was  93*3.  M.  Yerneau  has  recorded  the  measurements 
of  a  single  male  Tasmanian  pelvis;  its  transverse  diameter 
was  108  mm.,  its  conjugate  95  mm.,  and  its  brim  index  88. 
The  mean  of  the  four  male  pelves  was  92,  and  not  one  ex- 
ceeded 95,  so  that  in  all  probability  the  Tasmanian  pelvis  is 
mesatipellic. 

Amongst  the  Pacific  Islanders  M.  Yerneau 'has  measured  a 
fine  series  of  pelves  from  New  Caledonia,  three  of  which  were 
females  and  twelve  ipales.  The  mean  transverse  diameter  of 
the  brim  in  three  females  was  123  mm.,  the  mean  conjugate 
110  mm.,  and  the  brim  index  was  89.  The  mean  transverse 
diameter  in  twelve  males  was  114,  the  mean  conjugate  104  mm. 
and  the  brim  index  was  91,  The  "same  observer  has  recorded 
the  transverse  diameter  of  the  brim  in  a  male  Loyalty  Islander 
from  Lifu  at  116  mm.  and  the  conjugate  diameter  at  124  mm., 

*  Jw/r.  ofArUkropol.  Insf.y  Nov.  1879  and  Nov.  1884. 
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with  a  brim  index  107 ;  he  has  also  given  the  transverse 
diameter  of  the  brim  in  a  male  from  New  Guinea  at  136  mm. 
and  the  conjugate  at  113  mm.,  with  a  brim  index  of  83.  His 
two  male  Sandwich  Islanders  had  a  mean  transverse  diameter 
of  the  brim  of  114  mm.  and  a  mean  conjugate  of  92  mm.,  which 
yielded  a  brim  index  of  81,  and  the  mean  brim  index  in  my  three 
female  Sandwich  Islanders  was  83  (Table  II.).  M.  Verneau's  male 
pelvis  from  Tonga  had  a  transverse  diameter  of  126  mm.  and  a 
conjugate  of  121  mm.,  with  a  brim  index  of  96 ;  his  male  pelvis 
from  Mangareva  had  a  transverse  diameter  of  119  mm.  and  a 
conjugate  of  118  mm.,  with  a  brim  index  of  99 ;  his  male  pelvis 
from  Nonkahiva  had  a  transverse  diameter  of  108  mm.  and  a 
conjugate  of  94  mm.,  with  a  brim  index  of  89.  In  my  two  New 
Zealand  pelves  the  mean  brim  index  was  96.  Dr  Barnard 
Davis  has  given  the  transverse  diameter  of  the  brim  of  a  male 
dolichocephalic  Loyalty  Islander  from  Lifu  as  114  mm.,  and  the 
conjugate  as  106  mm.,  with  an  index  92 ;  also  the  transverse 
diameter  of  a  male  brachycephalic  Tannese  as  121  mm.,  and  the 
conjugate  as  110  mm.,  with  an  index  81.  Yon  Franque  has 
stated  the  brim  measurements  of  a  female  Papuan,  from  Lazon 
in  the  Philippine  group,  to  be  transverse  diameter  115  mm., 
conjugate  110  mm.,  the  index  being  95*6.  (Query — Can  this 
have  been  a  Negrito  ?) 

There  is  therefore  a  wide  range  of  variation  in  the  relative 
transverse  and  conjugate  diameters  of  the  brim  in  the  pelves  of 
the  Pacific  Islanders,  so  that  the  index  ranged,  amongst  the  pelves 
measured,  from  81  in  a  male  Tannese  and  in  a  male  Sandwich 
Islander  to  107  in  a  male  Loyalty  Islander.  This  is  in  all  pro- 
bability to  be  accounted  for,  in  part  at  least,  from  the  fact  that 
the  series  consisted  of  pelves,  some  of  which  were  obtained  from 
islands  populated  chiefly  by  the  Melanesian  race>  others  chiefly 
by  the  Polynesian  or  Mahori  race,  others  again  by  a  mixture  of 
the  two  races.^  The  specimens  which  have  been  measured  are  too 
few  and  too  indefinite  as  to  the  race  to  which  they  belonged  to 
enable  one  to  state  with  any  certainty  what  is  the  characteristic 

1  For  a  rSsumd  of  the  facts  on  which  a  statement  of  the  distribution  of  the  two 
great  races  of  the  Pacific  is  made,  I  may  refer  to  the  chapter  on  the  Baces  of  the 
Pacific  Ocean  in  the  First  or  Craniological  Part  of  my  Report  on  the  Bones  col- 
lected during  the  Toyage  of  H.M.S.  **  Challenger,"  part  xxix.,  1884. 
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form  of  the  pelvic  brim  in  each  of  these  t^o  great  races,  or  the 
modifications  which  may  arise  in  its  form  when  the  two  races 
are  intermingled.  If  one,  however,  may  regard  the  pelves  from 
New  Caledonia  as  derived  from  the  Melanesian  race  inhabiting 
that  group  of  islands,  then  it  would  seem  as  if  in  the  females 
the  mean  brim  index  did  not  reach  90,  so  that  they  belonged  to 
the  platypellic  group,  whilst  in  the  males  the  same  index  was 
at  or  about  91,  so  that  they  were  mesatipellic.  On  the  other 
hand,  however,  in  one  of  the  male  Loyalty  Islanders,  also  in  all 
probability  of  the  Melanesian  stock,  the  pelvic  index  was,  as  just 
stated,  as  high  as  107,  and  therefore  very  strongly  dolichopellic. 
Again,  if  one  may  regard  the  male  pelves  from  Tonga, 
Mongareva,  Noukahiva,  and  New  Zealand  as  from  people  of  the 
Polynesian  or  Mahori  race,  then  it  would  seem  as  if  this  race 
had  a  higher  brim  index  than  the  Melanesians,  and  was  either 
dolichopellic  or  approaching  that  group.  On  the  other  hand,  it 
should  be  remembered  that  the  brim  index  in  Yerneau's  two  male 
Sandwich  Islanders,  and  in  Barnard  Davis's  brachycephalic 
Tannese,  was  as  low  as  81,  i.e.,  platypellic. 

Should  the  opinion  which  I  have  just  expressed,  that  the 
male  Melanesians  are  mesatipellic,  be  confirmed  by  a  more 
extended  series  o(  observations,  then  they  will  correspond  in 
the  form  and  proportions  of  the  pelvic  brim  with  the  Negros 
rather  than  with  the  Australians,  Bushmen,  Hottentots,  Kafiirs, 
and  Andamanese,  all  of  whom  are  distinctly  dolichopellic.  We 
may,  however,  look  for  much  additional  light  on  this  matter 
when  the  observations  which  I  understand  Dr  Prochownick  of 
Hamburg  is  making  on  the  large  series  of  pelves  from  the 
Pacific  Islands  in  the  Godeffroy  Museum  have  been  published. 

In  addition  to  the  specimens  of  the  pelves  of  the  Guanche 
people,  measured  in  my  Table  VI.,  M.  Verneau  has  recorded  the 
characters  of  a  male  and  female  pelvis.  Of,  the  female  he  says 
that  the  inlet  was  very  sensibly  elongated  antero-posteriorly, 
but  on  the  contrary  its  transverse  diameter  was  slightly^ 
diminished.  With  the  exception  of  the  inlet  it  differed  very 
little  from  a  European  woman.  The  transveree  diameter  of  the 
brim  was  132  mm.,  the  conjugate  120  mm.,  and  the  brim  index 
was  91.  In  his  male  as  in  the  female  the  transverse  diameter 
of  the  brim  only  exceeds  the  antero-posterior  by  a  few  milli- 
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metres,  and  the  brim  index  was  also  91.  In  my  perfect  male 
pelvis  the  transverse  diameter  considerably  exceeded  the 
antero-posterior,  the  brim  index  was  85  and  the  form  of  the 
inlet  approximated  to  the  oval.  The  mean  of  the  two  males 
was  88,  but  the  specimens  are  too  few  to  enable  one  to  state 
definitely  to  which  of  my  three  divisions  of  the  pelvis  this  race 
should  be  referred,  but  in  all  probability  it  is  either  platypellic 
or  mesatipellic. 

The  dimensions  of  the  brim  in  an  Esquimaux  pelvis  have 
been  recorded  by  Dr  Struthers^  in  a  female  specimen.  He 
gives  the  conjugate  diameter  as  (4g  inches)  117  mm.,  and  the 
transverse  as  (6  inches)  153  mm.,  which  furnish  a  brim  index 
of  76,  and  show  a  pelvis  which  must  have  had  a  markedly 
transversely  oval  inlet.  M.  Yerueau  records  the  transverse 
diameter  of  the  brim  in  his  male  pelvis  as  124  mm.,  but  it  was 
too  much  damaged  to  enable  him  to  obtain  the  conjugate 
dimension.  In  my  two  specimens  the  brim  index,  88  in  the  male 
and  84  in  the  female,  closely  corresponded  to  the  mean  index 
in  Europeans  of  both  sexes  (Table  YII.).  It  is  probable  that  the 
Esquimaux  therefore  may  belong  to  the  platypellic  group. 

The  two  male  Laplanders  whose  pelvic  measurements  are 
recorded  by  M.  Yerneau  had  a  mean  transverse  diameter 
122  mm.  and  a  mean  conjugate  diameter  101,  so  that  the  brim 
index  was  83.  In  my  male  specimen  the  transverse  diameter 
was  much  smaller,  both  absolutely  and  relatively  to  the 
conjugate,  and  the  brim  index  was  93.  In  my  female,  again, 
the  transverse  diameter  of  the  brim  was  considerably  in  excess 
of  the  conjugate,  and  the  pelvic  index  was  only  725  (Table  YIL). 
The  mean  brim  index  of  the  three  males  was  88,  and  it  is 
not  unlikely  that  the  male  Lapp  pelvis  may,  when  additional 
observations  are  recorded,  be  found  to  be  in  the  higher  term  of 
the  platypellic  group. 

The  Mongolian  race  is  represented  in  my  measurements  in 
Table  Y.  by  a  single  Chinese  pelvis,  which,  from  the  label 
attached  to  it,  I  have  described  as  a  male,  though  in  the  open 
subpubic  angle,  76'',  it  approximated  to  the  female  character. 
Apparently  only  four  Chinese  pelves  had  previously  been 
described,  a  female  by  von  Franque,  a  male  and  female  by 

^  Anatomical  and  Physiological  ObservalionSj  Edinburgh,  1854. 
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Yerneau  and  a  male  by  Spengel.  VerneaUyiD  additioD^  gives  an 
account  of  a  male  Anuamite.  Von  Franque  pointed  out^  that 
it  was  scarcely  possible  to  distinguish  the  pelvis  of  his  Chinese 
woman  from  that  of  an  European ;  the  transverse  diameter  of 
the  brim  was  183  mm.,  the  conjugate  104  mm.,  so  that  the  brim 
index  was  78.  Yerneau  stated  that  the  inlet  in  the  Chinese 
woman  was  very  enlarged,  very  prominent,  and  had  the  form 
of  a  heart  on  a  playing  card.  The  transverse  diameter  of  the 
brim  was  140  mm.  and  the  conjugate  89  mm.,  so  that  the  brim 
index  was  only  64,  being  the  lowest  pelvic  index  recorded  in 
his  series  of  measurements.  In  his  male  Chinese  the  transverse 
diameter  was  115  mm.,  the  conjugate  93  mm.,  and  the  brim 
index  was  81.  SpengeVs  male  had  a  transverse  diameter  112 
mm.,  conjugate  95  mm.,  and  the  pelvic  index  was  85.  In  my 
specimen  the  corresponding  index  was  85,  and  it  is  not  unlikely 
that  the  mean  index  of  the  Chinese,  when  a  sufficient  number 
have  been  measured,  will  ultimately  prove  to  be  platypellic. 
Yerneau's  Annamite  male  pelvis  had  an  inlet  110  mm.  in  its 
transverse  and  88  mm.  in  its  antero-posterior  diameter,  with  an 
index  of  75,  which  strengthens  the  view  that  the  Mongolian 
pelvis  is  platypellic. 

Donitz,^  from  the  study  of  seven  Japanese  pelves,  apparently 
females,  has  come  to  the  conclusion  that  two  different  types 
were  to  be  found  in  them,  the  one  with  a  round  or  heart- 
shaped  inlet,  the  other  with  a  transversely  oval  or  wide  brim. 
Those  with  a  round  or  heart-shaped  inlet  he  regarded  as 
belonging  to  the  Malayan  race,  whilst  those  with  a  wide  brim, 
approximating  to  the  Europeans,  he  held,  according  to  an 
hypothesis  of  Wernich,  to  be  a  product  of  a  cross  between  the 
A'inos,  the  original  inhabitants,  and  the  Malays.  Scheube  '  has 
measured  a  male  A'ino  pelvis,  and  has  given  the  transverse 
diameter  of  the  brim  as  113  mm.  and  the  conjugate  as  115  mm., 
which  give  a  brim  index  102.  Barnard  Davis's  measurements^ 
of  the  pelvis  of  an  A'ino  woman  are  transverse  diameter  102 
mm.,  conjugate  117,  with  a  pelvic  index  97.     In  each  pelvis, 

^  Scanzoni^s  BeUrUge  zur  Otbv/rtskunde,  vol.  vi«,  WiirzbnrK}  1869. 

*  Quoted  by  Ploss  in  Arehivf,  Anthropologie,  Bd.  xv.  p.  666,  1884. 

*  Also  quoted  by  Ploss. 

*  Supplement  to  Thesaurus  Craniorunif  Table  II. 
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male  and  female,  the  brim  index  was  above  95,  so  that  it  is 
possible  that  the  A'inos  are  doUchopellic 

If  these  measurements  of  the  Amo  pelvis  are  to  be  regarded  as 
expressing  the  character  of  the  race,  it  is  diificult  to  see  how  a 
people  with  such  dolichopellic  proportions,  by  crossing  with  a 
race  in  which  the  conjugate  diameter  is  also  proportionately 
great,  could  produce  a  pelvis  with  a  wide  inlet. 

The  male  Malayan  pelvis  measured  in  my  Table  V.  had  an 
inlet  which  was  ovoid  in  tha  antero-posterior  diameter,  and  the 
brim  index,  105,  showed  it  to  be  highly  dolichopellic.  The 
two  male  Javan  pelves  measured  by  Barnard  Davis  are, 
however,  stated  to  have  had  a  pelvic  index  83  and  81  respec- 
tively, i.e,,  they  were  platypellic.  In  a  female  Javan  pelvis 
measured  by  Verneau  this  index  was  90.  In  a  female  measured 
by  von  Franque,  it  was  92.  Zaaijer,  from  his  analysis  of  the 
pelvic  measurements  of  twenty-six  women,  stated  that  the  form 
of  the  inlet  was  not  uniform;  in  sixteen  it  was  round,  the 
transverse  diameter  being  to  the  conjugate  as  100  to  90  or 
under,  in  ten  it  was  longish-oval,  the  transverse  diameter  being 
as  100  to  more  than  90.  H.  Fritsch  has  measured  five  Malay 
pelves,  and  has  described  the  pelvic  inlet  as  rouud  with  a 
relative  predominance  of  the  conjugate  diameter.  C.  Martin 
has  described  the  conjugate  diameter  as  very  long,  the  inlet 
round,  in  many  examples  oval.  From  the  series  of  female 
Malay  pelves  described  by  Zaaijer,  H.  Fritsch,  and  himself, 
C  Martin  has  obtained  a  mean  transverse  diameter  of  119 
mm.  and  a  mean  conjugate  of  109  mm.,  from  which  a  brim  index 
of  91*6  can  be  computed,  so  that  they  are  mesatipellic.  This 
is  a  high  index  for  the  female  sex,  and  as  experience  has  shown 
that  in  each  race  the  brim  index  is,  as  a  rule,  distinctly  higher 
in  the  male  than  in  the  female,  it  is  not  unlikely  that  the 
male  pelves  are  dolichopellic,  and  the  high  index  in  my  male 
specimen  is  probably  a  key  to  the  dolichopellic  character  of 
these  people. 

I  have  had  no  opportunity  of  examining  any  pelves  of  the 
Indian  tribes  of  either  North  or  South  America.  Very  little, 
indeed,  appears  to  be  known  of  the  pelvis  in  the  North  American 
Indians.  Yon  Franque  has  described  a  male  and  a  female 
pelvis  of  Flat-head  Indians,  and  from  his  measurements   the 
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brim  index  in  the  male'was  76  and  in  the  female  84-5.  Barnard 
Davis,  in  his  Thesaw^us  Craniorum,  table,  p.  367,  states  that  the 
pelvic  index  in  a  male  Illinois  Indian  is  86.  The  mean  of  these 
two  male  North  American  Indian  pelves  is  81. 

Weber,  Barnard  Davis,  and  Verneau  have  all  described 
specimens  of  the  pelvis  in  various  tribes  of  South  American 
Indians.  Weber  figures  the  pelvis  of  a  male  Botocudo  Indian, 
the  diameters  of  the  brim  in  which  give  the  index  85 ;  also  a 
female  Botocudon,  the  brim  diameters  of  which  give  an  index 
107.  He  places  the  male  in  his  group  of  pelves  with  an  oval 
inlet,  the  female  in  his  cuneiform  group.  Barnard  Davis 
found  the  conjugate  and  transverse  diameters  of  the  brim  in  a 
male  Puelche  Indian  to  be  equal  at  116  mm.,  with  an  index 
therefore  of  100,  but  in  the  pelvis  of  an  ancient  male  Peruvian 
the  index  was  only  81.  Verneau  gives  the  transverse  diameter 
of  the  brim  in  a  male  Charruan  Indian  as  122  mm.  and  the 
conjugate  as  115  mm.,  the  index  being  94 ;  also  the  transverse 
diameter  of  a  male  Botocudon  as  123  mm.  and  the  conjugate  as 
91  mm.,  the  index  being  74;  also  the  transverse  diameter  of  a 
male  Goytacazen  119  mm.  and  the  conjugate  89  mm.,  with  an 
index  75,  and  of  a  female. with  an  index  86 ;  also  the  mean  trans- 
verse diameter  of  two  male  Peruvians  135  mm.  and  the  conjugate 
91  mm.,  with  a  mean  index  67,  and  three  females  with  a  mean 
index  83  ;  also  a  male  Bolivian  with  a  transverse  diameter  116 
mm.  and  a  conjugate  105  mm.,  the  index  being  90'5;  also  a 
female  Mexican  ^  with  a  transverse  diameter  130  mm.  and  a  con- 
jugate 104  mm.,  the  brim  index  being  80.  The  males  measured 
by  Verneau  varied  in  the  brim  index  from  67  in  the  Peruvians 
to  94  in  the  Charruan,  with  a  mean  on  the  six  specimens  of  80 ; 
the  females  were  much  more  uniform  in  the  brim  index,  with 
a  mean  on  the  five  specimens  of  83.  The  American  Indians 
presented  this  peculiarity  that  the  mean  pelvic  index  in  the 
female  was  higher  than  in  the  male,  and  that  therefore  the 
transverse  diameter  was  not  proportionally  so  much  in  excess  of 
the  conjugate.  The  mean  brim  index  computed  from  the  whole 
series  of  measurements  above  of  the  pelvis  of  South  American 
Indians  is  833  for  the  males,  and  89  for  the  females,  so  that  if  this 

^  Although  he  refers  to  a  male  Mexican  pelvis  in  the  MoBeam,  yet  he  does 
not  give  its  measurements. 
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average  sLould  be  confirmed  by  a  larger  series  of  measurements, 
the  pelvis  in  these  people  is  platypellic.  Carl  Martin,  from  his 
own  observations  and  those  of  von  Franque,  has  given  the  mean 
transverse  diameter  of  the  brim  in  both  North  and  South 
American  aboriginal  women  at  127  mm.  and  the  mean  conjugate 
at  115,  from  which  an  index  of  90*5  can  be  computed,  which  is 
somewhat  higher  than  the  mean  obtained  from  the  pelves  above 
enumerated. 

I  shall  now  classify  in  three  parallel  columns  the  people  or 
races  whose  pelvic  brim  index  I  have  analysed,  both  from  my 
own  observations  and  from  those  of  other  anatomists,  in  the 
preceding  pages.  For  reasons  to  which  I  have  already  referred, 
I  have  not  included  the  female  pelvis  in  this  classification,  and 
have  based  it  entirely  on  the  measurements  of  the  male  pelvis ; 
though,  as  will  be  seen  from  the  frequent  references  which  I 
have  made  to  the  brim  index  in  the  female,  I  consider  that  it 
assists  one  in  arriving  at  a  conclusion  as  to  the  group  in  which 
the  pelvis  of  each  race  should  be  placed.  In  those  cases  in 
which,  from  the  few  pelves  which  have  been  measured,  there 
may  be  a  doubt  as  to  the  group  in  which  a  people  or  race 
should  be  placed  I  have  appended  a  query. 


DoliehopeUie. 

1 

MescUipellic 

Platypellic 

1 

Australians 

Bushmen 

Hottentots 

Kaffirs 

Andamans 

New  Zealandera  ? 

Polynesians  generally  ? 

Malays 

Ainos  f 

Negroes 
Tasmanlans 
New  Caledonians 
Melanesians  generally  ? 

British 
French 
Germans 

Europeans  generally 
Guanche  ? 
Esquimaux  ? 
Laplanders  ? 
Chinese 

Mongolians  generally 
American  Indians 

How  greatly  the  female  pelvis  is  modified  in  the  proportions 
of  the  pelvic  brim,  in  relation  to  the  special  sexual  requirements, 
is  shown  from  the  fact  that  in  none  of  the  people  or  races  whose 
pelvic  dimensions  are  analysed  in  sufficient  numbers  to  enable 
one  to  obtain  an  average,  does  the  female  pelvis  attain  in 
the  mean  of  each  race  dolichopellic  proportions.  Thus,  in  the 
Australians,  Andaman    Islanders,  and  probably  the  Malays, 
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whilst  the  males  are  doUchopelUc  the  females  are  mesatipellic 
lu  the  Bush  race  the  males  are  dolichopellic,  the  females 
platypellic.  In  the  Kaffirs  the  males  are  dolichopellic,  the 
females  mesatipellic  or  platypellic.  I;^  the  Negroes  and  New 
Caledonians  the  males  are  mesatipellic, the  females  are  platypellic. 
Amongst  the  Europeans  generally  with  a  platypellic  male  index 
the  females  are  still  more  platypellic.  In  the  South  American 
Indians,  however,  whilst  the  males  are  platypellic,  the  females 
are  on  the  verge  of  being  mesatipellic.  These  modifications  all 
signify  that  in  each  race  or  people  the  transverse  diameter  both 
of  the  brim,  the  cavity,  and  the  outlet  are  as  a  rule  relatively, 
and  indeed  for  the  most  part  absolutely,  wider  in  the  female 
pelvis  than  in  the  male. 

In  the  Tables  of  measurements  of  the  pelvis  in  various  races 
of  men,  to  which  I  have  already  referred  as  forming  a  part  of 
my  Report  on  the  Bones  of  the  Skeleton  collected  by  H.M.S. 
"Challenger,"  I  have  given  the  maximum  length  and  breadth  of 
the^  sacrum,  and  have  computed  a  sacral  index,  multiplying  the 
breadth  by  100  and  dividing  by  the  length.  When  the  sacral 
index  is  above  100,  the  breadth  of  the  bone  is  of  course  greater 
than  the  length,  when  below  100  the  length  exceeds  the  breadth. 
From  my  own  measurements  and  those  of  other  observers  I  have 
obtained  the  mean  sacral  index  in  the  male  pelvis,  as  in  the 
following  table : — 


Sacral  Index. 

Sacral  Index. 

1 

Australians 
Bush 
Kaffirs 
Audamanese 

98 
94 
92-8 
94 

Negroes 
Europeans 

105-6 
112 

^  It  will  be  seen,  therefore,  that  in  the  Australians,  Bush, 
Kaffirs,  and  Audamanese  the  sacrum  is  longer  than  broad.  In 
the  Europeans  the  breadth  materially  exceeds  the  length,  whilst 
in  the  Negroes,  though  the  mean  breadth  exceeds  the  length,  it 
does  not  do  so  to  the  same  extent  as  in  the  Europeans.  Both 
in  the  dolichopellic  proportions  of  the  pelvic  brim  and  in  the 
greater  length  of  the  sacrum  than  in  its  breadth,  the  Australians, 
Bush,  Kaffirs,  and  Audamanese  present  a  closer  approximation 
to  the  relative  proportions  of  the  parts  found  in  the  pelves  of 
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apes,  and  tbose  other  mammals  that  possess  five  vertebrae  in  the 
sacrum,  than  is  the  case  in  the  Negroes  and  in  the  Europeans. 
The  pelvis,  therefore,  in  those  races  shows  a  more  degraded  char- 
acter— a  less  departure  from  the  usual  mammalian  form — ^than 
is  the  case  in  the  Europeans.  In  the  Negro,  again,  the  pelvis, 
both  in  the  relations  of  its  pelvic  brim  and  in  the  proportions  of 
its  sacrum,  approximates  more  closely  to  the  European  than  to 
other  black-skinned  races. 


THE  ANATOMY  OF  A  SECOND  SPECIMEN  OF 
SOWERBY'S  WHALE  (Mesoplodon  hidms)  FEOM 
SHETLAND.  By  Professor  W.  Turner,  M.B.,  LLD., 
F.RS.    (Plate  IV.)  i 

The  Shetland  seas  are  frequented  by  several  species  of  Ziphioid 
whales.  Since  the  year  1870,  I  have  come  into  possession  of, 
and  placed  in  the  Anatomical  Museum  of  the  University  of 
Edinburgh,  the  skull  of  Ziphivs  cavirostris*  the  skull  and  a  large 
part  of  the  skeleton  of  Hyperoodon  rostrcUus,  and  the  skull  and 
almost  complete  skeleton  of  Mesoplodon  hidens?  They  were  all 
captured  on  the  north-east  side  of  the  mainland  of  Shetland. 

On  the  2nd  June  of  this  year,  Mr  Charles  Anderson,  one 
of  my  students,  told  me  that  a  small  whale  had  been  taken 
a  few  days  previously  at  Voxter  Voe,  Delting,  and  he  has 
kindly  furnished  me  with  the  following  account  of  its 
capture : — On  the  23rd  May  it  was  seen  in  Sullom  Voe, 
and  on  the  25th  it  was  heard  by  two  fishermen  blowing  in 
Voxter  Voe,  a  small  creek  on  the  south  side  of  Sullom  Voe. 
They  started  in  a  small  boat  in  pursuit  of  the  whale,  and  by 
shouting  and  throwing  stones  they  drove  it  to  the  head  of  the 
Voe,  where  it  stranded.  A  young  one,  about  7  feet  long,  was 
seen  with  it,  which  escaped  by  diving  below  the  boat.  The 
men  then  attacked  the  stranded  animal  both  with  a  clasp  knife 
and  a^toiskar"  (a  sort  of  spade  used  in  Shetland  for  cutting 
peats),  and  with  the  latter  instrument  cut  one  of  the  large 
arteries,  from  which  a  jet  of  blood  spouted  for  several  minutes. 
As  the  animal  was  struggling-  dangerously  the  tail  was  then 
cut  off,  and  it  died  immediately  afterwards. 

Voxter  Voe  is  about  thirteen  miles  from  Urafirth  Voe, 
where  in  April  1881  the  first  specimen  of  Mesoplodon  hidens 
above  referred  to  had  been  captured  by  bis  brother,  Mr  Thomas 

^  The  substance  of  thifi  article  was  communicated  at  Aberdeen  to  the  British 
Association  for  the  Advancement  of  Science,  September  11, 1885. 

^  Described  and  figured  in  Trans.  Roy.  Soc.  Edin.,  May  20,  1872,  vol.  xxvi. 

»  Described  to  the  Royal  Society  of  Edinburgh,  Jan.  50, 1882.  See  Proceedings 
of  that  date,  also  Journal  of  Anatomy  and  Physiology,  April  1882. 
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ADderson  of  Hillswick.  Mr  Uharles  AnderBOU  informed  me 
that,  from  the  description  which  his  brother  had  written  to 
him  of  the  Vozter  Voe  specimen^  it  was  also,  he  believed,  a 
Sowerby's  whala  I  telegraphed  therefore  to  Mr  Thomas  Inkster 
of  Brae,  near  Yoxter  Voe,  to  secure  the  animal  for  me  as  little 
injured  as  possible.  On  the  15th  of  June  it  arrived  at  the 
University,  aad  proved  to  be  a  fine  specimen  of  an  adult  male 
Mesoplodon  bidena.  From  this  specimen  I  hope  to  complete  the 
description  of  the  skeleton  of  this  animal,  which,  owing  to  several 
bones  being  missing  in  the  1881  specimen,  was  necessarily 
incomplete,  and  to  supply  also  some  information  on  the  anatomy 
of  the  soft  parts,  about  which  little,  if  anything,  is  known. 

External  Characters. 

From  Mr  Charles  Anderson's  notes  I  am  able  to  state  that 
this  specimen,  like  the  one  captured  in  1881,  was  dark  slate- 
coloured  on  the  back.  The  belly  was  dirty  white,  and  with  a 
ribbed  appearance  extending  backwards  from  the  jaw  for  about 
two-thirds  the  length  of  the  animal.  It  had  also  a  crevice 
between  the  two  halves  of  the  lower  jaw.  The  two  large 
mandibular  teeth,  projected  like  tusks  from  the  sides  of  the 
mouth.  The  whale  had  been  flensed,  eviscerated,  and  cut  into 
blocks  before  being  despatched  to  me.  A.11  the  skin  had  been 
removed  except  that  of  the  tail  and  flippers.  The  thoracic  and 
abdominal  viscera  had  been  removed  en  masse,  and  accompanied 
the  divided  carcase.  From  the  extent  to  which  the  animal  had 
been  cut  up,  my  notes  on  the  soft  parts  are  necessarily  very 
fragmentary,  and  as  the  specimen  reached  me  in  the  hot  weather 
in  June,  more  than  a  fortnight  after  the  death  of  the  whale,  the 
viscera  could  nut  be  examined  with  that  minuteness  which  I 
should  have  desired. 

I  placed  the  various  blocks  together  in  their  proper  positions, 
and  ascertained  that  the  length,  from  the  tip  of  the  lower  jaw  to 
the  mid-point  on  the  posterior  edge  of  the  tail,  was  15  feet  8 
inches.  The  width  of  the  tail  between  its  tips  in  a  straight  line 
was  3  feet  10  inches ;  the  antero-posterior  diameter  of  the 
middle  of  the  tail  was  1  foot  2  inches.  The  skin  of  the  tail  was 
shining  dark  slate-grey,  almost  black,  both  on  the  dorsal  and 
the  ventral  surface ;  it  had  a  mesial  keel  extending  for  a  short 
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distance  from  before  backwards  both  on  its  dorsal  and  ventral 
surfaces.  The  anterior  border  of  each  wing  of  the  tail  was  con- 
vex ;  the  posterior  border  of  the  entire  tail  was  concave  from 
tip  to  tip,  but  it  swelled  out  slightly  in  the  middle  of  this  border 
so  as  to  have  a  festooned  edge,  and  without  any  notch  at  the 
middle  of  the  tail  The  flipper  was  1  foot  10  inches  from  the 
head  of  the  hamerus  to  the  en^  of  the  flipper,  and  its  greatest 
antero-posterior  diameter  was  6J  inches.  Its  colour  on  both 
surfaces  was  like  that  of  a  well-blackened  boot.  It  came  almost 
to  a  point  at  the  tip,  the  anterior  border  was  slightly  convex, 
the  posterior  border  for  7  inches  from  the  axilla  was  almost 
straight  and  then  rapidly  sloped  forward  to  the  tip.  Both  the 
tail  and  flipper  corresponded  closely  in  shape  to  those  of  the 
Ziphioid  figured  by  Burmeister  as  Epiodon  patachanicum  or 
australe,^  but  which  is  probably  the  same  species  as  Ziphiua 
cavirostru} 

Mouth,  Thoracic  and  Abdominal  Viscera. 

The  pair  of  mandibular  teeth  projected  for  one  inch  beyond 
the  gu,m.  On  separating  the  jaws  the  tip  of  the  tongue  was 
seen  to  lie  midway  between  the  pair  of  mandibular  teeth. 
A  semicircular  projection,  with  the  concavity  directed  back- 
wards, of  the  mucous  membrane  of  the  floor  of  the  mouth 
was  opposite  the  tip  of  the  tongue;  from  this  projection  to 
the  free  end  of  the  mandible  the  mucous  membrane  was 
smooth,  concave  from  side  to  side,  and  continuous  with  the 
gum  which  covered  the  edge  of  the  mandible.  The  mucous 
membrana  behind  this  semicircle  was  raised  into  ridges 
running  from  before  backwards,  and  continuous  with  it  was  a 
broad  fold,  which  passed  to  the  under  surface  of  the  anterior 
part  of  the  tongue,  and  formed  a  strong  frsenum.  The  dorsum 
of  the  tongue  was  studded  with  crypt-like  depressions  and  papillse, 
amongst  which  a  V-shaped  arrangement  of  circum vallate  papillae 
was  seen.  The  tip  of  the  tongue  was  movable  both  from  side 
to  side  and  from  before  backwards.  The  mucous  membrane  of 
the  palate  was  pitted  with  numerous  small  depressions.     The 

^  AnaUs  de  Museo  Publico  de  Buenos  AireSy  Entrega  quinta,  torn.  L,  plate  xv. 
'  See  my  account  of  Ziphius  eavirostris  in  Trans,  Roy,  Sac  EdiirJburgh^  1872, 
fknd  also  Challenger  Beports^  part  iv.  vol.  i,  18S0. 
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band  could  easily  be  passed  backwards  through  the  fauces  into 
the  pharynx,  and  could  be  made  to  grasp  the  elongated  upper 
end  of  the  larynx,  which  fitted  into  the  posterior  nares,  not  so 
closely,  however,  as  to  prevent  the  finger  from  being  at  the  same 
time  introduced  into  the  nares.  The  blowhole  was  transverse 
and  not  as  in  the  former  specimen  semilunar,  and  its  long 
diameter  was  3^  inches.  On  the  surface  ot  the  head  it  was 
not  divided  into  two  nostrils,  but  further  into  the  nose  this 
division  was  effected  by  the  mes-ethmoid.  Opposite  the 
entmnce  into  each  division  of  the  nose  the  mucous  membrane 
formed  a  definite  raised  area,  corresponding  in  size  and  shape  to 
each  opening ;  and  bounding  each  area  above  was  a  strong  fold 
of  the  membrane,  which  formed,  apparently  in  connection  with 
the  corresponding  raised  area,  a  valve-like  arrangement  for  the 
opening. 

(EsophagvA  and  Stomach. — ^The  oesophagus  opened  behind  into 
the  elongated  1st  compartment  of  the  stomach  by  a  patent 
orifice  without  a  valve-like  sphincter.  The  oesophageal  mucous 
membrane  was  elevated  into  fine  crenulated  ridges  having  a 
longitudinal  direction,  which  ended  at  the  opening  into  the  1st 
or  proximal  compartment  in  a  sharp  but  somewhat  irregular  fold 
of  mucous  membrane,  which  surrounded  the  opening  into  the 
stomach.  It  was  strongly  differentiated  from  the  mucous  lining 
of  this  compartment,  not  only  by  this  fold,  but  by  the  size  and 
direction  of  its  mucous  ridges  and  by  its  yellowish  colour.  The 
1st  compartment  was  19  inches  long  and  9  inches  wide  in  its 
greatest  transverse  diameter.  Its  muscular  wall  was  very  strong 
and  quite  half  an  inch  thick  at  its  hinder  end,  though  nearer 
the  oesophagus .  it  was  thinner ;  from  differences  in  colour,  the 
muscular  coat  obviously  consisted  of  two  layers.  Its  mucous 
lining  was  of  an  opaque  whitish  tint,  and  elevated  into  broad 
and  highly  convoluted  folds  separated  by  narrow  furrowis. 
Continuous  with,  and  set  at  an  angle  to,  its  hinder  end,  was 
the  2nd  compartment  of  the  stomach,  which  opened  into  the 
1st  compartment  a  little  in  front  of  that  end  which  was  furthest 
away  from  the  oesophagus.  This  opening  admitted  three  fingers, 
and  was  surrounded  by  a  valve-like  fold  of  the  mucous  mem- 
brane. Beyond  the  Ist  compartment  the  outer  surface  of  the 
stomach  was  marked  by  a  series  of  coustrictions,  which  pointed 
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to  B  subdivision  of  the  oi^an  into  several  compartmente,  which 
were  successively  opened  into. 

Thb  2Dd  compartmeut  was  globular  in  shape,  and  was  no 
larger  than  a  moderate  sized  orange,  and  its  mucous  mem- 
brane was  emooth.  Oo  the  wall  opposite  to  the  aperture 
into  the  Ist  compartmont  the  orifice  of  communication  with 
the  3rd  compartment  was  situated,  which  was  bounded  by  a 
raised  valve-Uke  fold  of  mucous  membrana  The  3rd  compart- 
ment was  abont  three  times  bigger  than  the  second,  and  its 


Fio  A. — DUgrim  to  illustrate  the  compartnienti  of  the  stomteh 
of  Saw«rb;'B  whde  {Meiaj^odcM  bidem). 

mucous  lining  was  rugose.  It  communicated  with  the  4th  com- 
partment by  a  similar  opening  in  the  wall  opposite  to  that 
by  which  it  communicated  with  the  2nd  compartmenL  The  4th 
compartment  was  about  equal  in  size  to  the  3rd.  Its  macous 
lining  was  in  part  smooth,  but  projecting  from  one  part  of  the 
wall  was  B  rugoBu  convoluted  area  of  mucous  membrane,  which, 
though  attacherl  by  a.  broad  peduncle,  could  be  freely  moved  about 
in  the  cavity.  This  area  probably  contained  a  large  collection 
of  gastric  glands.    The  4th  communicated  with  the  oth  compart- 
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meat  by  an  orifice  which  had  a  double  fold  of  mucous  membrane 
surrounding  it,  and  between  the  two  divisions  of  this  fold  was 
a  pouch  large  enough  to  hold  a  small  walnut  The  5th  com- 
partment was  somewhat  smaller  than  the  4th.  Its  mucous 
lining  was  smooth,  except  on  one  convoluted  area.  It  com- 
municated with  the  6th  compartment  by  an  orifice  surrounded 
by  a  valvular  fold,  which  was  situated  close  to  the  aperture  of 
communication  of  the  5th  and  4th  compartments  with  each 
other  and  not  in  the  opposite  wall.  The  6th  compartment  was 
of  about  the  same  size,  and  possessed  a  similar  mucous  lining 
to  the  5th  compartment.  It  communicated  with  the  7th 
compartment  by  an  opening  like  that  between  the  5th  and  6th. 
The  7th  compartment  was  like  the  6th  in  size,  and  had  a 
similar  mucosa.  It  communicated  with  the  8th  compartment 
by  an  opening  close  to  that  between  6  and  7,  but  this  opening 
barely  admitted  two  fingers.  The  several  cavities  from  1  to  7, 
both  inclusive,  contained  -a,  brownish  mucus,  but  no  other 
contents.  The  8th  compartment  was  about  as  big  as  a  good 
sized  orange  and  had  a  convoluted  mucous  lining.  It  contained 
a  bile-stained  fluid  with  a  number  of  opaque  crystalline  lenses 
and  elongated  calcareous  bodies  about  \  inch  long,  the  nature  of 
which  it  was  difficult  to  state,  but  which  might  be  the  otoliths 
of  fish.  Its  communication  with  the  9th  compartment  was 
almost  opposite  the  opening  into  7.  The  9th  compartment  was 
of  the  same  size  as  8.  It  had  also  similar  contents,  and  possessed 
a  raised  patch  of  convoluted  mucous  membrane.  Its  com- 
munication with  the  10th  compartment  only  admitted  two 
fingers,  and  had  the  usual  mucous  fold  around  it  The  com- 
partments from  2  to  9,  both  inclusive,  formed  an  intercommuni- 
cating series  of  globular  cavities  closely  resembling  each  other 
in  general  appearance  and  presenting  no  great  difference  in 
size.  Their  muscular  walls,  as  well  as  that  of  10,  were  not  so 
thick  as  the  muscular  wall  of  the  first  compartment 

The  10th  or  distal  compartment  differed  from  the  last  named 
very  materially  both  in  size  and  shape.  It  was  indeed  not  unlike 
a  large  human  stomach  in  its  outward  form.  Internally,  however, 
it  had  projecting  into  its  cavity  a  strong  crescentic  fold  of  the 
mucous  membrane,  which  mapped  it  out  into  two  almost  equal 
subdivisions,  with  one  of  which  the  9th  compartment  communi- 
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cated  by  an  opening  close  to  one  horn  of  the  crescentic  fold. 
The  wall  of  this  subdivision  was  in  close  relation  to  the  wall  of 
9,  and  the  cavity  formed  at  one  end  a  large  cul-de-sac.  The 
other  subdivision  communicated  with  the  duodenum,  the  opening 
into  which  was  situated  near  the  other  horn  of  the  crescentic  fold; 
this  opening  barely  admitted  two  6ngers  and  was  surrounded 
by  a  pyloric  valve.  The  10th  compartment  contained  several 
ounces  of  a  bile-stained  fluid,  and  its  mucous  lining  was  thick 
and  rugose. 

Intestine, — The  duodenum  formed  at  its  junction  with  the 
stomach  a  cylindriform  passage  1^  inch  long  and  1  inch  wide, 
which  dilated  into  a  funnel-shaped  tube,  and  soon  became  again 
cylindriform.  Its  mucous  lining  was  bile-stained  and  was 
elevated  into  valvulae  conniventes,  which  had  a  reticulated 
arrangement  and  contained  many  small  pockets  in  the  meshes. 
In  close  relation  to  the  outer  wall  both  of  the  duodenum  and 
last  compartment  of  the  stomach  •was  situated  the  Pancreas, 
the  duct  of  which  was  exposed  by  dissecting  away  the  gland 
substance.  This  duct  was  about  as  large  as  the  human  femoral 
artery,  and  extended  for  a  short  distance  in  contact  with  the 
wall  of  the  duodenum,  which  it  then  pierced  very  obliquely  and 
opened  into  the  funnel-shaped  part  of  that  intestine  about  five 
inches  from  the  pylorus.  The  opening  was  not  oh  a  papilla 
but  on  the  plane  surface,  in  the  interval  between  reticulated 
valvulsB  conniventes.  The  bile  duct,  though  looked  for  in 
relation  to  the  wall  of  the  duodenum,  was  not  detected;  it  had 
possibly  joined  the  pancreatic  duct  in  the  substance  of  the 
pancreas — as  I  found  to  be  the  arrangement  in  a  Olohiocephalus 
melas  which  I  dissected  in  1867^ — at  a  point  nearer  the  liver 
than  where  the  pancreatic  duct  was  exposed.  About  60 
feet  of  intestine  were  measured,  but  they  did  not  represent 
the  whole  length  of  this  canal 

The  Liver  was  a  large  organ  divided  into  two  lobes  by 
a  falciform  ligament  The  hepatic  veins  joined  the  inferior 
vena  cava  where  it  pierced  the  diaphragm.  Broad  valve-like 
folds  of  the  lining  membrane  projected  into  the  vena  cava. 

All  anatomists  agree  that  the  stomach  in  the  Cetacea  is  com- 
pound as  regards  the  number  of  its  compartments.     It  is  in  the 

^  SeeJ(mr.  AnaL  andTkys,,  Nov.  1867,  vol.  ii. 
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Ziphioid  group  of  whales  that  these  compartments  attain  their 
maximam  number.  In  Hyperoodon,  the  best  known  of  the 
Ziphioids,  John  Hunter  found  ^  that  the  stomach  consisted  of 
seven  compartments,  and  that  an  eighth  dilatation  was  present, 
which,  as  the  bile  ducts  entered  it,  he  regarded  as  duodenal  and 
not  gastric.  Dr  A.  Jacob  described  and  figured « the  dried  and 
inflated  stomach  of  a  Hyperoodon  which  he  had  dissected. 

The  first  compartment  is  an  oval  cavity  2  feet  6  inches  long  and 
12  inches  in  diameter.  This  is  followed  by  seven  spherical  cavities  • 
more  or  less  flattened  at  the  sides  where  they  come  in  contact  with 
each  other,  and  they  increase  successively  in  size  until  the  seventh  and 
eighth.  He  also  says  that  the  duodenum  is  about  6  inches  in  diameter, 
but  tapers  graduaUy,  within  a  distance  of  12  inches,  to  the  diameter 
of  the  intestine.  He  is  not  clear  whether  it  is  to  this  dilatation  that 
John  Hunter  referred  when  speaking  of  the  bile  ducts  entering  it 
Dr  Jacob  was  quite  sure  that  in  his  specimen  eight  distinct  cavities 
were  present  before  this  enlargement  of  the  duodenum. 

Vrolik,  in  his  important  monograph  "  van  den  Hyperoodon,"  * 
has  described  and  figured  the  stomach,  the  characters  of  which 
he  summarises  as  follows: — 

The  stomach  consists  of  a  cardiac  and  a  pyloric  end.  The  cardiac 
end  forms  one  cavity  and*is  lined  by  mucous  membrane  in  longitudinal 
folds,  which  under  the  microscope  consists  of  a  reticular  network  of 
small  microscopic  cavities.  The  pyloric  end  is  divided  into  six  com- 
partments lined  by  smooth  mucous  membrane,  but  which  under  the 
microscope  seems  to  consist  of  mucous  glands  closely  packed  together. 
These  compartments  increase  in  transverse  diameter  from  the  cardiac 
to  the  duodenal  end  of  the  stomach,  and  are  continuous  with  each 
other  through  intermediate  openings,  which  openings  are  directed 
towards  the  lesser  curvature  of  the  stomach ;  the  sixth  of  these  com- 
partments forms  a  ctU-de-mc  at  the  pyloric  end,  and  from  this  sac  leads 
the  opening  into  the  duodeum,  which  is  0'40  £L  wide  at  its  commence- 
ment and  diminishes  to  0*20  £1.  in  width. 

^  Structure  and  (Economy  of  Whales,  vol.  iv.  pp.  359,  860,  of  Palmer's  edition 
of  his  collected  works. 

'  "  On  the  Generic  Characters  &nd  Anatomical  Stracture  of  the  Whale  entitled 
Delphinus  diodon"  by  Hunter,  and  ^^ Hyperoodon"  by  Lacep^e,  in  Dublin 
Philosophical  Journal  and  Scientific  Heview,  yoI.  L  p.  58,  1825,  reprinted  in 
JSssays,  Anatomieal^  Zoological,  dsc,,  Dublin,  1845.  This  excellent  account  of 
Hyperoodon  has  been  far  too  much  overlooked  by  subsequent  writers.    * 

•  In  the  text  he  says  "  eight  spherical  cells  or  cavities,*'  but  this  obviously 
should  read  seven,  as  there  are  only  seven  spherical  cavities  represented  in  his 
figure,  in  addition  to  the  elongated  oval  cavity  directly  continuous  with  the 
oesophagus,  which  is  the  first  compartment,  making  thus  in  all  eight  cavities. 

^  Haarlem,  1848.— I  am  indebted  to  ray  pupil  Mr  £.  B.  Glaeser  for  a  trans- 
lation from  the  Dutch  of  Yrolik's  description. 
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In  the  following  year  Eschricht  described  ^  the  stomach  of  a 
specimen  of  Hyperoodon  dissected  in  1841. 

He  states  that  the  first  compartment,  6  inches  long  and  3  inches  in 
width,  is  a  sac-like  dilatation  of  the  hinder  end  of  the  oesophagus,  and 
that  it  is  lined  by  the  thick  epithelium  of  that  tube,  which  suddenly 
ends  at  the  opening  into  the  2nd  compartment,  which  is  not  unlike 
in  shape  to  the  human  stomach,  and  is  1  foot  8  inches  long  in  a 
straight  line.  Its  inner  wall  is  soft,  strongly  corrugated  (gerunzelt), 
and  reddish-coloured,  and  very  like  the  second  stomach  of  Cetacea 
generally.  Then  follows,  what,  on  an  external  view,  seems  to  be  a 
large  compartment,  2  feet  long  and  10  inches  in  greatest  width,  but 
when  opened  into  it  is  seen  to  consist  of  seven  compartments, 
separated  from  each  other  by  six  circular  valves ;  the  inner  surface  of 
these  cavities  is  smooth,  soft,  whitish,  and  without  marked  folds  of 
mucous  membrane.  Thus  Eschricht  saw  as  many  as  nine  compart- 
ments in  his  specimen. 

In  the  Anatomical  Museum  of  the  University  of  Edinburgh 
is  an  inflated  and  dried  specimen  of  the  stomach  of  Hyperoodon 
rostratus. 

It  possesses  seven  definite  compartments.  The  1st  compartment  is 
17  inches  long  and  9  inches  in  its  widest  part,  and  in  its  elongated 
shape  resembles  somewhat  the  human  stomach,  though  it  does  not 
possess  so  great  a  dilatation  at  its  oesophageal  end.  It  freely  com- 
municates by  a  large  orifice  with  the  oesophagus ;  close  to  its  opposite 
end  it  is  continuous  with  the  2nd  compartment,  which  is  globular 
in  shape  and  about  the  size  of  a  very  large  orange.  The  2nd  com- 
partment communicates  with  the  3rd,  the  3rd  with  the  4th,  the 
4th  with  the  5th,  and  the  5th  with  the  6th.  Compartments  3 
to  6  inclusive  are  all  somewhat  globular  in  form,  and  of  almost 
equal  magnitude,  being  about  three  times  the  size  of  the  2nd 
compartment.  The  6th  compartment  opens  into  the  7th,  which  is 
12  inches  long  in  its  transverse  diameter  and  %\  inches  in  its  vertical 
This  will  probably  correspond  with  the  last  compartment  of  the 
stomach,  as  described  by  Yrolik,  but  it  is  succeeded  by  an  elongated 
and  somewhat  kidney-shaped  sac  8^  inches  long  by  ^\  inches  at  its 
widest  part.  This  sac  is  separated  from  the  7th  compartment  by  a 
circular  flattened  band  of  mucous  membrane  perforated  in  the  centre 
by  a  small  opening,  and  it  projects  beyond  this  opening  for  4  inches 
as  a  rounded  cul-de-sac.  It  communicates  at  its  narrowest  end  with 
the  cylindriform  intestine  by  a  constricted  opening.  In  the  absence 
of  the  biliary  and  pancreatic  ducts  it  is  not  possible  to  pronounce 
definitely  if  this  sac  is  a  compartment  of  the  stomach  or  a  mere  dilata- 
tion of  the  beginning  of  the  duodenum. 

Burmeister  has  described  ^  the  stomach  in  the  Ziphioid  whale 

1  UnUrsuch.  aher'die  Nordischen  WalUhiere,  p.  40,  1849. 
^  AnaUs  del  Museo  publico  de  Buenot  AireSf  vol.  i  p.  856. 
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which  he  has  named  JSpiodan  pcUachonichum  6r  aiisirale,  but 
which  is  probably  Ziphius  cavirostris. 

The  stomach  consists  of  eight  compartmeiiteL  The  let  compartment 
is  shaped  like  a  pear,  and  divided  by  a  constriction  into  two  unequal 
parts,  of  which  the  anterior  has  more  than  double  the  bulk  of  the 
posterior.  The  2nd  and  3rd  compartments  are  almost  of  equal  bulk, 
but  very  much  smaller  tbau  the  1st,  and  each  consists  of  an  oval 
sac.  The  4th  and  5th  compartments  are  more  united  with  each 
other  than  the  others  are,  and  their  bulk  is  considerably  less  than 
that  of  the  1st  The  6th  and  7th  compartments  are  again  very 
small,  and  similar  to  the  2nd  and  3rd  in  form  and  size.  The  8th 
compartment  is  the  largest,  and  kidney-shaped.  The  aperture  by 
which  it  opens  into  the  7th  compartment  is  in  the  middle  of  its 
concave  border,  and  the  pyloric  outlet  into  the  duodenum  is  imme- 
diately below  the  opening  into  the  7th.  The  duodenum  commences, 
not  by  a  dilatation,  but  by  a  constriction  extending  at  first  insen- 
sibly, and  continuing  afterwards  as  the  cylindrical  tube  of  the  small 
intestine.  Immediately  after  its  commencement  the  duodenum  re- 
ceives two  ducts,  the  hepatic  and  the  pancreatic,  which  enter  the 
duodenum  at  a  short  distance  from  each  other. 

It  will  now  be  of  much  interest  to  compare  the  stomach  of  the 
Ziphioid  whales  with  the  same  organ  in  other  Cetacea,  and  as 
the  stomach  in  the  DelphinidsB  has  been  most  frequently  and 
carefully  examined,  I  shall  begin  with  that  group,  and  in  the 
first  instance  speak  of  the  number  of  compartments.  In  the 
Common  Porpoise  {Phocama  communis)  Edward  Tyson  ^  stated 
that  the  stomach  consisted  of  three  bags,  and  of  a  long  descend- 
ing passage  which  connected  the  2nd  and  3rd  compartments 
with  each  other.  Sir  Bichard  Owen,*  Dr  J.  B.  S.  Jackson,*  Dr 
Knox,^  and  myself^  have  each  described  four  gastric  compart 
ments  in  this  animal,  the  long  descending  passage  of  Tyson  being 
regarded  as  a  compartment  of  the  stomach.  John  Hunter^ 
and  Dr  Jacob^  each  speak  of  five  compartments,  but  their  5th 
is  without  doubt  the  dilated  commencement  of  the  duodenum. 

^  Phoccenct,  or  the  AncUoniy  of  a  Porpess,  London,  1680. 
'  Note  to  Palmer's  edition  of  Hunter's  Works,  yol.  iv.  p.  860,  and  Comp. 
Anat.  of  Vertebrates,  vol.  iii. 

*  Boston  Journal  of  NaturaX  History,  vol.  y.  p.  167,  1845. 

*  Proe.  Lvnnean  SoCf  1867. 

*  Joumai  of  AtuU,  and  Phys.,  vol.  iL  p.  70,  Nov.  1867,  and  vol.  iii,  Nov. 
1868. 

*  Palmer's  Edition  of  Hunter's  Works,  vol.  iv.  p:  359. 
^Op.eit. 
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In  Delphinus  albirostria  {Lagmorhynchus)  both  Mr  J.  W. 
Clark  ^  and  Professor  Oleland'  hftve  each  recognised  four 
compartments.  In  Oreella  brevvrostria  Dr  John  Anderson 
has  described '  three  cavities,  and  "  an  intervening  narrow 
fnnnel-shaped  chnnnel  between  the  eecond  and  third  sacs." 
This  channel  ie  probably  the  same  as  what  I  have  called 
the  third  stomach  of  the  Porpoise,  so  that  on  this  view 
Oreella  would  also  have  four  compartments.  In  GldbiocepheUws 
mdas,  both  Dr  Jackson  and  I  have  described  five  compart- 
ments,  thongh  Dr   Murie*   regards  the   compartment,  which 


SliRgus  ;  1  to  5  iaduBJve,  the  Ave  comptirtinents  of  the  stoiiiach  ;  8,  the 
iUtBtion  iminecl Intel?  preceding  the  cylin<Irieal  duodeDOiD  D ;  FH,  tli« 
conjoined  pancreatic  hc;iatic  duct. 

I  have  numbered  3,  not  as  a  true  digestive  sac,  but  only  as  a 
commuDicating  canal.  With  this  interpretation,  however,  I  am 
nnable  to  agree,  and  still  adhere  to  my  opinion  that  it  is  a  true 
though  small  gastric  compartment.  As  I  shall  frequently  have 
to  refer  in  the  course  of  this  comparison  to  the  stomach  of 
Globiocephal-us,  I  reproduce  here,  for  convenience  of  reference, 
my  original  figure  of  the  organ  in  that  animal.  From  Cuvier's 
description*  of  the  stomach  of  Delphinvs  ddphia,  it  would 
Beem  as  if  it  also  possessed  five  divisions.  In  the  Grampus 
{Orea  gladiator)    John  Hunter  found  five  compartments.     In 

'  Froe.  Zod.  Sac  London,  June  20,  1876. 

'  Journal  of  Anat.  and  Phys.,  vol.  iviii.,  188*. 

•  Anatomical  and  Zoological  Reatarchta,  p.  37*,  1878. 

*  TTans.  Zool.  Soc  London,  vol.  viii. 

'  LefonttTAnatomU  Cotnparit,  vol  iv.  p.  79,  18S6. 
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Chrampus  rissoanus  Dr  Murie  stated  that  the  Btomacli  closely 
corresponded  with  that  of  Gldbiocephalus ;  and  from  M. 
Fischer's  description^  a  similar  arrangement  was  possessed 
by  Oramptis  griseus.  In  the  White  Whale  (Delphinapterus 
leucas)  Professor  Wyman^  recognised  fi^e  gastric  compartments, 
and  the  same  number  have  been  described  by  Drs  Watson  and 
Young  in  their  specimen.^  One  may  also  infer  from  the  short 
reference  made  by  Meckel  to  the  stomach  of  the  Narwhal  {Mono- 
don  monoceros)  that  it  also  had  five  compartments.^ 

In  the  DelphinidcB,  the  first,  oesophageal,  or  proximal  compart- 
ment is  continuous  with  the  oesophagus,  and,  as  was  recognised 
by  Edward  Tyson  two  hundred  years  ago  in  the  Porpoise,  is 
lined  by  a  continuation  of  its  inward  tunic,  which  we  now  know 
to  be  squamous  epithelium,  so  that  it  seems  to  be  a  sac-like 
dilatation  of  that  tube  or  a  paunch ;  whilst  the  distal  or  pyloric 
compartment,  which  lies  in  relation  to  the  duodenum,  is  elon- 
gated in  form,  and,  with  its  mucous  membrane,  is  usually  bile- 
stained.  Between  the  paunch-like  proximal  and  the  elongated 
distal  compartments  are  either  two  or  three  more  or  less  globular 
compartments,  which,  like  the  distal  compartment,  are  without 
doubt  active  agents  in  the  digestive  process. 

At  the  first  glance  it  might  seem  as  if  in  Sowerby's  Whale, 
and  in  the  other  Ziphioids  in  which  the  stomach  has  been  de- 
scribed, the  general  plan  of  construction  resembled  that  met 
with  in  the  DelphinidsB,  viz.,  a  proximal  paunch,  a  distal  or 
pyloric  compartment,  and  an  intermediate  series  of  globular  com- 
partments, which  are  more  numerous,  however,  in  the  Ziphioids 
than  in  the  Dolphins,  and  attain  their  maximum  number  in 
Sowerby's  Whale.  But  a  more  careful  comparative  study  of  the 
stomach  in  these  families  of  Cetacea  has  satisfied  me  that  much 
more  important  morphological  differences  exist  between  them. 
What  these  differences  are  I  shall  now  explain,  and  the  point  to 
which  I  shall  first  direct  attention  is  the  relation  of  the  gastric 
orifice  of  the  oesophagus  to  the  1st  and  2nd  compartments  of 
the  stomach. 

*  Annales  des  Sciences  Nalurelles^  viii.  p.  863,  1867. 
^                     •  Boston  Journal  of  Nat,  Eist.y  vol.  vii. 

*  Trans.  Roy,  Soc.  Edinbtirgh^  vol.  xxix.,  1879. 

*  System  der  vergUich.  Anatomie,  vol.  iv.  p.  627, 1829.         , 
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In  Globiocephalus  melas,  as  I  pointed  out  some  years  ago,  the 
oesophagus  communicates  freely  with  the  Ist  and  2nd  compart- 
ments, and  a  similar  arrangement  exists  in  Grampus  rissoanus 
(Murie),  G.griseus  (Fischer)  and  lja^€norhynchmalbira8tris(G\aLtk 
and  Cleland).  In  the  Phocccna  communis,  the  2nd  compartment 
opens  out  of  the  1st  in  close  proximity  to  the  oesophagus,  and 
a  similar  arrangement  has  been  seen  in  Delphinapterus  leucas 
(Watson  and  Young).  In  Mesoplodon  bidens,  on  the  other 
hand,  the  2nd  compartment  opens  out  of  the  1st  in  proximity 
to  the  end  furthest  away  from  the  oesophagus,  and  a  similar 
arrangement  was  found  by  Jacob,  Vrolik,  and  myself  in  Hy- 
peroodon.  In  Burmeister's  Ziphioid  it  is  also  clear,  from  his 
description,  that  whilst  the  oesophagus  opens  into  the  anterior 
wall  of  the  Ist  compartment  in  front  of  the  constriction,  the 
communication  with  the  2nd  compartment  is  behind  the 
constriction.  In  all  these  Ziphioids,  therefore,  the  2nd  com- 
partment opened  out  of  the  1st  at  a  considerable  distance  from 
the  oesophagus,  which  interval,  both  in  Mesoplodon  and  Hy- 
peroodon,  was  equal  almost  to  the  length  of  the  1st  compart- 
ment. 

But  further,  whilst  examining  the  stomach  of  Sowerby's  Whale 
I  was  particularly  struck  with  the  difference  in  colour  between 
the  oesophageal  mucous  membrane  and  that  of  the  1st  gastric  com- 
partment ;  also  with  the  contrast  between  the  fine  longitudinal 
folds  of  the  mucous  lining  of  the  oesophagus  and  the  broad 
convoluted  folds  of  the  mucous  lining  of  that  compartment,  and 
with  the  elevated  irregular  fold  of  mucous  membrane  which 
differentiated  the  oesophagus  from  the  stomach.  I  felt  therefore 
that  important  structural  differences  would,  without  doubt,  exist 
between  the  oesophageal  mucous  membrane  and  that  of  the  1st 
gastric  compartment.  This  was  at  once  confirmed  on  making  a 
microscopic  examination  of  the  epithelial  covering,  which  in  the 
oesophagus  could  be  separated  in  distinct  flakes  composed  of 
squamous  cells;  whilst  in  the  stomach  the  epithelium  did  not 
peel  off  in  flakes  visible  to  the  naked  eye,  but  was  much  more 
delicate  and  more  easily  disintegrated,  and  consisted  of  columnar 
cells  with  granular  contents,  lying  amidst  debris,  formed  appar- 
ently of  broken-down  epithelium.  As  I  felt  it  necessary,  how- 
ever, to  make  a  more  complete  examination  of  the  two  mucous 
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membranes  I  requested  my  museum  assistant,  Mr  James  Simp- 
son, to  prepare  vertical  sections,  and  notwithstaudiDg  the  un- 
favourable conditions,  as  regards  time  after  death,  under  which 
the  examination  was  made,  it  has  yielded  satisfactory  results. 

The  epithelial  covering  of  the  oesophageal  mucous  membrane 
consisted  of  numerous  layers  of  squamous  cells;  the  most 
superficial  cells  were  much  larger  and  more  scale-like  than 
those  in  the  deeper  layers,  and  presumably  were  more 
horny.  The  layer  next  the  corium  stained  much  more  deeply 
with  picrocarmine  than  those  more  superficially  placed,  but  the 
shape  of  its  cells  could  not  definitely  be  ascertained.  The 
corium  consisted  of  connective  tissue  papillated  on  its  free  sur- 
face, and  the  papillas  were  lodged  in  depressions  in  the  deep 
surface  of  the  epithelial  covering.  No  glands  were  recognised 
in  the  oesophageal  mucous  membrane. 

Sections  through  the  mucous  lining  of  the  1st  gastric  com- 
purtment  displayed  an  abundance  of  tubular  branched  glands  of 
the  type  of  cardiac  glands.    The  prevailing  cells  in  the  deeper 
part   of  these  glands  were  the  well-known  large,  ovoid,  and 
spherical  "peptic"  cells,  but  in  some  sections  remains  of  the 
smaller  "  axial "  or  *'  central "  cells  lying  next  the  lamen  could  be 
seen.    The  cells  occupying  the  parts  of  the  gland  tubes  next  the 
free  surface  were,  like  the  epithelial  covering  of  that  surface, 
very  much  disintegrated,  and  a  striking  contrast  was  thus  fur- 
nished between  the  more  superficial,  wider,  and  excretory  part  of 
the  gland  tube  with  its  disintegrated  epithelium,  and  the  deeper 
more  elongated  secretory  part  loaded  with  ''  peptic  "  cells,  which 
doubtless  owed  their  preservation,  so  many  weeks  after  the 
death  of    the   animal,  to  the  antiseptic  properties   of    their 
contents. 

Although  Burmeister  has  not  recorded  a  microscopic  examina- 
tion of  the  stomach  of  his  Ziphioid,  yet  from  his  reference  to  the 
longitudinal  folds  of  mucous  membrane  in  the  oesophagus,  and 
the  beautiful  figure  which  he  has  given  (plate  xviiL  fig.  4)  of 
the  mucous  lining  of  the  1st  gastric  compartment,  with  its 
rounded  convoluted  folds,  I  have  no  doubt  that  structural  differ- 
ences existed  between  these  mucous  membranes  similar  to  those 
which  I  have  described  in  Mesoplodon.  We  have  no  proper 
microscopic  examination  of  the  1st  gastric  compartment  in 
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HyptToodony  but  Vrolik  states  that  the  oesophagus,  with  its 
mucous  membraDe  elevated  into  longitudiual  folds,  possesses  a 
semicircular  valvular  fold  where  it  joius  the  stomach.  There 
can,  I  think,  be  little  doubt  that  in  Hyperoodon  the  1st  gastric 
compartment  will  be  found  as  a  rule  to  resemble  the  correspond- 
iug  cavity  in  the  other  Ziphioids.  Eschricht's  specimen  of 
Hyperoodon  furnishes,  however,  an  important  and  remarkable 
exception  to  the  arrangement.  His  2nd  compartment,  from  the 
size  and  the  character  of  its  mucous  membrane,  is  obviously  the 
same  as  the  1st  compartment  in  Burmeister's  Ziphius,  Sowerbj's 
Whale,  my  dried  specimen  of  Hyperoodon,  and  probably  those 
described  by  Jacob  and  Yrolik ;  whilst  his  Ist  compartment  is  a 
comparatively  small  sac-like  diverticulum  from  the  oesophagus 
and  with  a  similar  epithelial  lining. 

It  is  obvious,  therefore,  that  in  Mesoplodon  and  in  the  Ziphioids 
generally  the  1st  compartment  of  the  stomach  is  not  a  paunch- 
like diverticulum  from  the  lower  end  of  the  oesophagus,  lined  by 
a  squamous  epithelium,  as  in  the  Delphinidse,  but  is  a  true  gland- 
ular digestive  chamber.  It  is  homologous,  therefore,  not  with 
the  1st  compartment  of  a  Dolphin's  stomach,  but  with  the  2nd 
compartment,  so  that  iu  the  Ziphioids  the  paunch  is  not  present. 
The  paunch  has  either  never  been  developed  in  this  family  of 
whales,  or,  what  is  more  probable,  it  had  existed  at  some  remote 
period,  and  in  the  course  of  time  it  had  become  suppressed, 
though,  as  Eschricht's  Hyperoodon  shows,  it  may  reappear  as  a 
variation  in  an  individual  animal.  The  direct  communication 
between  the  oesophagus  and  both  the  1st  and  2nd  gastric  com- 
partments in  Olobiocephalits  melas  will  readily  illustrate  how,  in 
the  event  of  the  suppression  or  disappearance  of  the  paunch,  the 
food  would  at  once  enter  the  next  following  compartment. 

The  question  naturally  arises,  if  the  absence  of  the  paunch  in 
the  Ziphioids  and  its  presence  in  the  Dolphins  is  correlated  with 
differences  in  their  food.  The  Dolphins,  as  is  well  known,  are 
eaters  of  fish.  Tyson  long  ago  pointed  out,  that  though  there 
were  no  glands  in  the  paunch  of  his  Porpoise,  yet  that  bones  and 
other  partially  digested  substances  were  found  both  in  it  and  in 
the  oesophagus,^  and  he  surmised  that  gastric  juice  might  regurgi- 

^  See  Prof.  Cleland's  account  of  the  paunch  full  of  perfectly  clean  bones  of  the 
whiting  in  the  stomach  of  the  whit«-beaked  dolphin  (Z.  albirodris). 
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tate  from  the  2iid  compartment  into  the  Ist  compartment  so 
as  to  act  upon  the  food  lying  in  the  latter.  This  view  has  been 
supported  by  Owen  and  other  subsequent  writers.  Hyperoodon 
again  lives  largely,  if  not  exclusively,  upon  Cuttle-fish.  Of  the 
food  of  Burmeister's  Ziphiu$  we  know  nothing,  as  its  stomach 
was  empty.  Of  the  food  of  Sowerby's  Whale  I  cannot  speak 
with  certainty,  but  it  is  possible  that  the  crystalline  lenses 
found  in  it  may  have  been  those  of  Cuttle-fish.  The  softness 
of  the  tissues  of  these  cephalopods,  and  the  absence  of  a  bony 
skeleton,  might  render  unnecessary,  as  a  part  of  the  economy  of 
the  Ziphioids,  a  chamber  for  the  digestion  of  the  harder  tissues, 
such  as  is  required  by  the  Dolphins.  On  the  other  hand,  the 
much  greater  number  of  compartments  into  which  the  Ziphioid 
stomach  is  divided,  and  the  constricted  valve-like  openings 
between  them,  would  of  necessity  greatly  delay  the  passage  of 
the  food  through  the  stomach,  and,  as  my  Mesoplodon  showed, 
the  harder  and  more  indigestible  materials  were  retained  in  the 
8th  and  9th  compartments. 

As  regards  the  distal  compartment  in  the  stomach  of  the 
Ziphioids,  it  will  be  advisable,  when  suitable  opportunities  offer, 
to  reexamine  it  and  the  commencement  of  the  duodenum, 
as  regards  their  general  form,  relations,  and  structure,  and  to 
compare  them  with  those  of  the  Dolphins,  a3  it  is  not  improbable 
that  differences  here  also  may  be  found  in  the  two  families. 

We  may  now  pass  to  the  consideration  of  the  stomach  in  other 
families  of  Cetacea,  though  unfortunately  of  them  we  have  not 
the  same  fulness  of  information  as  we  possess  of  the  Dolphins. 

The  Sperm  Whale(PAys6^er  macrocep?ialtLs),v/hich  approximates 
in  80  many  of  its  characters  to  the  Ziphioids,  possesses,  according 
to  the  dissections  of  Dr  J.  £.  S.  Jackson^  only  three  gastric 
compartments. 

He  states  that  the  first  cavity  is  nearly  globular  in  form,  and  that 
it  is  lined  by  a  continuation  of  the  cuticle  and  cutis  from  the 
oesophagua  He  did  not  apparently  make  a  microscopic  examination. 
The  second  cavity  opens  freely  into  both  the  oesophagus  and  1st 
cavity.  It  is  elongated,  and  the  rugae  on  its  inner  surface  are  no- 
where strongly  marked.  The  3rd  cavity  is  elongated,  narrow  at  its 
commencement,  but  becomes  dilated  and  curved  upon  itself.  The 
mucous  coat  is  less  rugose  than  in  the  2nd  cavity.  There  is  no  small 
intermediate  cavity  between  the  2nd  and  3rd.     The  3rd  cavity  opens 

^  Boston  Journal  of  Nat.  ffist.,  vol.  v.,  October  1845. 
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into  a  dilatation  by  an  orifice  \  inch  in  diameter.    This  dilatation  ends 
in  the  intestine. 

There  is  thus  a  great  di£ference  between  the  Btomach  of  the 
Sperm  Whale — which  seems  to  be  constructed  more  after  the  type 
of  the  Dolphins — and  that  of  the  Ziphioids,  a  circumstance  which 
is  the  more  remarkable  when  one  remembers  that  Fhyseter,  like 
Hyperoodon,  lives  largely  upon  Cuttle-fish.  Some  other  factor, 
therefore,  than  differences  in  food  requires  to  be  considered  in 
connection  with  the  variations  in  the  Cetacean  stomach. 

In  the  Flatanistidae  the  stomach  of  Platanista  gangetica  haa 
been  studied  with  gfeat  care  by  Dr  John  Anderson.^ 

It  possesses  three  distinct  chambers,  but  consists  chiefly  of  two 
large  sacs  (1st  and  2nd  compartments),  placed  side  by  side,  and 
opening  into  each  other  by  a  common  orifice  at  the  termination  of  the 
oesophagus.  The  2Qd  compartment  leads  into  a  short  narrow 
passage  or  channel,  that  conducts  to  the  3rd  compartment,  which 
is  only  about  one-eighth  the  capacity  of  the  others,  and  of  globular 
or  oval  shape.  Succeeding  the  3rd  compartment  is  a  globular  cavity 
or  dilatation,  which  Dr  Anderson  regards  as  an  enlargement  of  the 
duodenum  and  not  as  a  true  gastric  chamber.  The  1st  compartment 
is  an  elongated  dilatation  of  the  oesophagus,  and  is  lined  by  stratified 
squamous  epithelium.  The  2nd  compartment  is  liued  by  columnar 
epithelium,  and  richly  provided  with  glands.  The  mucous  lining  of 
the  3rd  chamber  contains  abundant  glands  similar  to  those  at  the 
pyloric  end  of  the  Pig's  stomach. 

In  the  arrangement  and  structure  of  the  1st  and  2nd 
compartments  Flatanista  presents  a  close  resemblance  to  what  I 
have  seen  in  Qlobiocephalus  melas,  but  the  3rd  or  distal  com- 
partment differs  in  form  from  that  of  the  distal  compartment  in 
Qlobiocephalus,  PhoccBna,  Orcella,  and  other  Ddphinidce,  in  which 
it  is  very  considerably  elongated,  and  not  globular  as  in  Flatanista. 
Flatanista  lives  on  both  mud-frequenting  fish  and  Crustacea. 

In  the  allied  genus  Fontoporia  blainvillii,  Burmeister  has 
described '  the  stomach,  from  which  it  would  appear  that  this 
organ  consists  of  four  compartments. 

The  first  lb  melon-shaped,  and  with  its  mucous  surface  folded  as  in 
his  Ziphioid  already  so  frequently  referred  to,  but  the  folds  are  relatively 
broader,  less  elevated,  less  numerous,  and  run  in  irregular  undulations 
from  its  entrance  to  its  outlet.     The  outlet  into  the  2nd  compartment 

^  Anatomical  and  Zoological  Researches,  p.  441,  plate  zxvL,  London  1878. 
'  Proc.  Zool.  Sac.  London,  1867,  and  Anales  del  Museo  publico  de  Buenos 
Aires,  vol.  i.  p.  419. 
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18  not  at  the  end  of  the  let  compartment  opposite  to  the  oeBophaguR, 
bat  at  the  same  side  as  the  oesophageal  opening ;  it  is  very  narrow,  and 
opens  into  a  circular  cavity  2  inches  in  diameter.  The  drd  com- 
partment is  larger  than  the  2nd,  but  much  smaller  than  the  let, 
and  is  a  proloDged  oval  in  shape.  The  4th  is  smaller  than  the  3rd, 
2  inches  long  and  1  inch  wide ;  it  is  separated  from  the  3rd  by  a 
narrow  sphincter.  The  4th  ends  in  a  tube,  which  soon  widens  into 
a  sac  If  inch  long  and  1  inch  wide,  from  which  the  intestine  144  feet 
long  proceeds.  This  sac  and  the  tube  passing  to  it  form  the  duodenum, 
for  the  pancreatic  and  hepatic  ducts  open  into  it  at  the  point  where 
the  tube  unites  with  the  sac.  The  Ist  compartment  contained  a  fish 
{AtJierina  argentinensis)  and  some  elytra  of  Colymbetee.^ 

Of  the  Balaenidse,  Knox  possessed  the  stomach  of  a  foetus  of 
BcdcBTui  mydicetiiSt  2  feet  4^  inches  long.'  This  specimen  is 
now  in  the  Anatomical  Museum  of  the  University  of  Edinburgh, 
and  I  have  drawn  up  from  it  the  following  description : — 

The  oesophagus  was  cut  short  and  opened  by  a  wide  orifice  into  the 
1st  gastric  compartment,  which  was  about  the  size  of  a  walnut  This 
opened  by  a  wide  orifice,  situated  not  far  from  the  oesophagus,  and 
bounded  by  a  fold  of  mucous  membrane,  into  a  2nd  compartment 
2  inches  long  by  1^  inch  wide,  which  occupied  the  diameter  of  the 
stomach  between  the  lesser  and  greater  curvatures.  Knox  stated  that 
a  short  canal  on  the  concave  margin  of  the  stomach  passed  from  the 
Ist  into  the  2nd  compartment,  but  this  appears  to  be  only  a 
constricted  part  of  the  latter.  The  3rd  compartment  communicated 
with  the  2nd  at  the  end  opposite  the  1st;  it  was  about  the  size 
of  a  small  hazel  nut,  and  it  opened  into  the  dilated  commencement  of 
the  duodenum,  into  which  the  biliary  and  pancreatic  ducts  opened. 

John  Hunter^  and  Drs  Carte  and  Macalister^  have  described 
the  stomach  in  BcUamoptera  rostrata  as  possessing  five 
compartments,  though  Mr  Perrin  says  only  four* : — 

From  Messrs  Carte  and  Macalister's  description  the  1st  compart- 
ment Ib  oblong,  and  lined  by  a  minutely  convoluted  mucous  mem« 
brane;  the  2nd  communicates  with  the  let,  not  far  from  the 
oesophagus.  The  2nd  (27  inches  long)  is  much  larger  than  the  1st, 
and  sigmoid  in  shape.  The  valve-like  opening  between  the  2nd  and 
3rd  is  5  inches  in  circumference,  and  one  of  the  same  circumference  is 
between  the  3rd  and  4th  compartments,  which  are  somewhat  globular 

1  For  the  translation  from  the  Spanish  of  Bormeibter's  description  both  of 
P.  hlainvillii  and  of  his  Ziphius,  I  am  indebted  to  Mr  James  Gordon. 

'  Catalogue  of  Anatamical  Preparationsl  illustrative  of  Cetacean  p.  21,  Edin- 
burgh, 1838. 

*  Trans,  Boy,  Soe.  London^  1867. 
■  Ttoc,  ZooU  Soe,  London^  Dec  6, 1870. 
VOL.  XX.  L 
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in  shape.  The  4th  is  broadly  pyriform,  about  14|  inches  long.  The 
5  th  is  only  9^  inches  long,  and  it  opened  into  the  duodenum  through 
a  small  pylorua  Eschricht  states^  that  in  the  Vaagewalls  (B,  rostrata) 
there  are  only  three  gastric  compartments,  but  in  a  foetus  6^  feet  long 
he  saw  the  3rd  (distal)  compartment  divided  by  four  semicircular 
valves  into  five  cavities.  He  says  that  both  the  oesophagus  and  the 
1st  compartment  are  lined  by  a  thick  epithelium,  which  terminates 
suddenly  at  the  entrance  to  the  2nd  compartment.  Eschricht  also 
describes  the  stomach  of  the  Keporkak  {Megaptera  longimana)  as  con- 
sisting of  three  compartments,  like  that  of  B.  rostrata, 

Dr  Murie  has  given  ^  a  description  of  the  stomach  of 
Balcenoptera  muscvlus  (Physalus  antiqiiorum). 

It  consists  of  four  cavities.  The  1st  is  globo-pyriform,  and  with  a 
greater  curvature  of  99  inches ;  its  mucous  lining  is  slightly  puckered, 
but  near  the  greater  curvature  is  elevated  into  polygonal  folds ;  the 
openings  of  the  oesophagus  and  of  the  2nd  compartment  are  situated  on 
opposite  sides  of  the  lesser  curvature.  The  2nd  compartment  (97 
inches  long)  is  more  cylindrical  in  form,  and  with  longitudinal  folds 
of  mucous  membrane.  The  3rd  cavity  is  30  inches  long,  and  the 
4th  32  inches.  The  latter  contracted  at  the  intestinal  outlet.  The 
duodenum  appai'ently  has  no  dilatation,  and  the  hepatic  duct  opens 
immediately  beyond  the  junction  of  the  4th  cavity  with  the  intestine. 

Both  Cuvier  and  Meckel,  as  well  as  several  later  writers  on 
the.  Cetacea,  have  endeavoured  to  establish  a  type  number 
of  compartments  of  the  stomach  in  the  various  members  of  this 
important  order  of  mammals.  Meckel  inclines  to  three  as  the 
type  number,  and  Cuvier  to  five,  and  the  latter  anatomist 
is  disposed  to  ascribe  the  discrepancies  in  the  number  stated 
by  previous  observers  to  some,  regarding  as  a  mere  passage, 
what  he  would  consider  to  be  a  cavity.  But  the  remrrU  which 
I  have  given  above  of  the  description  of  numerous  writers,  as 
well  as  the  special  examination  which  I  have  made  of 
Mesoplodon,  have  satisfied  me  that  it  is  not  possible  to  place  in 
one  simple  type  the  numerical  and  morphological  constitution  of 
the  Cetacean  stomach.  For,  quite  irrespective  of  such  questions 
as  to  whether  the  compartment  which  I  have  numbered  3  in 
my  figure  of  the  stomach  of  Globiocephalus  is  a  true  gastric 
chamber,  or  only  a  passage,  and  whether  the  dilatation  which  I 
have  marked  6  is  gastric  or  duodenal,  it  is  obvious  that  a 
tendency  exists  in  the  whales  for  a  multiplication  of  compart- 

^  Op.  cii.,  p.  98.  «  Proc.  Zool.  Soc.  Londoji^  Feb.  14,  1866. 
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ments  beyond  either  three  or  five,  and  that  this  tendency 
to  multiplication  is  so  pronounced  that  the  number,  by  the 
formation  of  additional  septa,  may  be  larger  in  some  individuals 
than  in  others  of  the  same  species.  In  the  Ziphioids,  as  I  have 
already  stated,  the  compartments  attain  their  maximum  number, 
and  from  what  I  saw  in  Sowerby's  Whale  there  was  even 
an  indication  of  the  division  of  the  10th  compartment  into  two 
smaller  cavities.  In  Jacob's  Hyperoodon  there  was  one  compart- 
ment more  than  in  Vrolik's  specimen,  and  in  Eschricht's  one 
more  than  in  the  animal  described  by  Jacob.  Eschricht  again 
saw  a  specimen  of  B.  rostrcUa  with  seven  gastric  chambers 
instead  of  five — the  more  usual  number. 

Bnt,  along  with  the  tendency  to  multiplication  in  certain 
cavities,  there  also  occurs  in  the  Ziphioids  a  tendency  to  sup- 
pression of  a  particular  chamber  at  the  proximal  end,  viz.,  the 
1st  compartment  or  paunch  of  the  Delphinidae,  though,  as  Esch- 
richt's  specimen  of  Hyperoodon  shows,  this  compartment  may 
appear  in  a  rudimentary  form  in  a  particular  individual.  As  to 
the  presence  or  absence  of  a  paunch  in  the  Sperm  Whale^ 
the  Platanistidse,  and  BalsBnidae,  further  information,  based  upon 
a  microscopic  exaniiuation  of  the  mucous  linings  of  the  1st  and 
2nd  compartments  in  most  of  the  species,  is  necessary  before  a 
positive  statement  can  be  made.  Dr  Anderson's  account  of 
Platanista  gaiigetica,  however,  makes  it  quite  clear  that  in  that 
species  the  1st  gastric  compartment  resembles  the  oesophagus 
in  its  epithelial  lining,  and  it  is  probable,  from  Eschricht's 
description,  that  a  similar  arrangement  prevails  in  B.  rostrcUa 
and  if.  longimana,  so  that  they  accord  in  this  particular  with 
the  Dolphins. 

Kidney. — ^Each  kidney  was  20  inches  long  and  5  inches  in 
greatest  width.  It  was  divided  into  a  number  of  small  lobules, 
as  is  characteristic  of  the  Cetacea. 

Heart. — In  removing  the  heart  from  the  thorax,  the  fishermen 
had  cut  through  both  the  auricles  and  the  great  arteries  close  to 
the  base  of  the  ventricles.  The  heart  was  flattened  dorsi- 
ventrally.  The  breadth  across  the  base  of  the  ventricles  was 
12^  inches,  from  base  to  apex  9  inches.  The  will  of  the  right 
ventricle  was  ^  inch  thick  at  the  base,  and  diminished  to  |th  inch 
at  the  apex.    Strong  columnse  carnese  projected  from  the  inner 
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wall,  and  three  of  these  projected  as  papillary  muscles,  the 
smallest  of  which  was  1^  iach,  the  largest  2  inches,  in  breadth 
at  the  base.  Two  papillary  muscles  were  attached  to  the  inferior 
wall  of  the  ventricle,  and  one  to  the  saperior  walL  The  more 
posterior  one  attached  to  the  inferior  wall  gave  origin  to  two 
moderator  bands,  each  of  which  was  no  larger  than  a  piece  of 
pack  thread.  They  were  connected  by  the  opposite  end  to  the 
septal  wall;  the  more  anterior  was  undivided,  but  the  more 
posterior  was  divided  into  several  fasciculi,  which  were  attached 
close  to  the  apex  of  the  cavity.  The  septum  was  not  oblique, 
but  in  the  antero-posterior  plane  of  the  heart  The  chords 
tendinese  were  strong  and  attached  to  the  flaps  of  the  auriculo- 
ventricular  valve,  which  consisted  of  three  large  cusps  and  of 
ttiree  intermediate  cusps,  which,  though  smaller,  were  still  very 
well  marked.  The  pulmonary  artery  had  three  large  semilunar 
segments  at  its  apex,  and  its  mouth  was  2  inches  distant  from 
the  innermost  cusp  of  the  tricuspid  valva 

The  wall  of  the  left  ventricle  was  from  |  inch  to  1  inch  in 
thickness.  Two  short  musculi  papiUares,  2^  inches  broad  at  the 
base,  projected  into  the  cavity,  and  were  attached  by  chordae 
tendineae  to  the  cusps  of  the  mitral  valve,  which  consisted  of  two 
large  cusps,  a  superior  and  an  inferior,  and  of  two  intermediate, 
very  well  marked,  smaller  cusps.  The  valve  had  therefore  a 
quadri-cuspidate  form.  Two  pea-like  nodules  were  attached  to 
the  cusps  of  this  valve.  The  endocardium  was  a  little  more 
opaque  than  on  the  right  sida  The  aortic  orifice  was  close  to 
the  mitral,  being  separated  only  by  the  more  inferior  of  the  two 
large  cusps  of  the  mitral  valve.  This  orifice  was  guarded  by 
three  strong  semilunar  segments.  From  what  remained  of  the 
auricular  walls  they  had  evidently  possessed  in  the  appendices 
elev.ated  muscular  bands,  having  a  reticulated  arrangement. 

Lungs  and  Windpipe. — The  lungs  were  somewhat  flattened, 
from  26  to  28  inches  in  length,  and  from  6  to  10  inches  broad. 
Apparently  they  were  not  divided  into  lobes,  and  each  was 
invested  by  an  opaque  thickened  pleura.  Only  the  posterior 
end  of  the  trachea  had  been  preserved.  It  bifurcated  into  two 
large  bronchi,  but  5  inches  above  its  bifurcation  it  gave  off,  as  is 
the  custom  in  the  Cetacea,  a  large  accessory  bronchus,  which 
entered  the  more  anterior  part  of  the  right  lung.    The  diameter 
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of  the  trachea  immediately  above  this  branch  was  3  inches.  The 
intrapulmonic  part  of  the  bronchi  divided  and  subdivided  on 
the  dichotomous  plan.  The  cartilages  in  the  wall  both  of  the 
trachea  and  bronchi  were  arranged  sometimes  annularly,  but  at 
others  in  a  spiral  direction.  Not  unfrequently  they  branched, 
and  the  branches  might  either  unite  with  adjoining  cartilages  or 
terminate  in  free  ends.  The  cartilages  in  the  bronchi,  of  very 
fine  calibre,  were  seen  to  go  quite  round  the  wall 

The  Larynx  was  elongated  at  the  summit  as  in  other  toothed 
whales.  It  had  been  cut  across  so  high  up  that  only  a  small  part 
of  the  thjrroid  cartilage  had  been  preserved,  and  the  base  of  the 
epiglottis  had  been  in  part  sliced  away.  The  upper  orifice  had  two 
thickened  lips,  the  posterior  projected  somewhat  higher  than  the 
anterior.  The  epiglottic  cartilage  formed  the  anterior  boundary : 
it  bifulrcated  at  its  thyroid  end  and  between  its  two  lateral  halves, 
and  the  upper  border  of  the  thyroid  was  a  shallow  mesial  pouch, 
lined  by  mucous  membrane,  which  freely  communicated  with 
the  interior  of  the  larynx.  This  pouch  had  a  fibrous  wall 
externally,  and  outside  that  again  were  the  remains  of  a  thick 
muscle  attached  to  the  epiglottic  cartilage.  Owing  to  the  imper- 
fect condition  of  the  larynx,  I  am  not  in  a  position  to  say  if 
the  cartilages,  which  formed  the  posterior  wall  of  the  elongated 
tube,  were  only  the  arytenoids,  or  if  they  consisted  of  arytenoids 
at  the  base,  and  of  elongated  cuneiform  cartilages  of  Wrisberg 
at  the  upper  end  of  the  tube,  as  has  recently  been  described  by 
Mr  G.  B.  Howes^  in  the  Common  Porpoise.  Corresponding  to 
the  mesial  border  of  the  posterior  cartilages  was  a  longitudinal 
fold  of  the  mucous  membrane,  which  projected  into  the  tube  of 
the  larynx;  and  at  its  upper  end,  where  the  anterior  and 
posterior  walls  were  in  apposition,  it  was  received  into  a  corre- 
sponding depression  in  the  anterior  or  epiglottic  wall 

The  presence  of  a  laryngeal  pouch  in  Mesoplodon  hidens,  in 
the  interval  between  the  epiglottic  and  thyroid  cartilages,  is 
interesting  in  connection  with  the  observations  on  a  correspond- 
ing arrangement  by  Dr  Murie  in  Sisso's  Grampus,^  and  by 
Messrs  Watson  and  Young  in  the  White  Whale.^    Murie  regards 

*  Jottr.  of  Anat.  and  Phys.,  July  1880. 
3  /Wd.,  Nov.  1870,  vol.  v. 

*  Trans,  Boy,  Soe,  Edinburgh,  April  1879,  voL  zxiz. 
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this  pouch  as  corresponding  in  kind,  though  of  course  very 
much  smaller,  to  the  great  laryngeal  sac  which  exists  in  the 
Whalebone  Whales ;  and  Watson  and  Young  not  only  agree  with 
Murie  in  this  view,  but,  from  the  bilateral  character  of  the 
laryngeal  pouch  in  the  White  Whale,  they  also  regard  it  as 
''  homologous  with  the  ventricles  of  Morgagni  of  other  mammals, 
and  that  the  enormous  laryngeal  sac  of  the  Whalebone  Whales 
must  be  equally  regarded  as  their  morphological  equivalent." 

Flipper. 

The  flippers  had  been  disarticulated  at  the  shoulder-joint,  and 
the  axial  connections  of  all  the  muscles,  blood-vessels,  and  nerves 
had  been  divided.  I  have  drawn  up  the  following  notes  on  their 
arrangement  from  careful  dissections  made  under  my  superin- 
tendence by  one  of  my  pupils,  Mr  Arthur  Clarkson. 

Muscles. — A  strong  tendon,  which  represented  either  the  teres 
major  or  latissimus  dorsi,  or  perhaps  both  muscles  combined, 
was  inserted  into  a  vertical  ridge  on  the  flexor  aspect  of  the 
humerus.  Two  muscles  were  inserted  near  the  radial  border  of 
the  humerus,  the  one,  much  the  larger,  into  a  tuberosity,  and  for 
some  distance  above  it,  the  other  into  the  bone  nearer  the  flexor 
aspect  of  the  limb ;  one  of  these  muscles  was  probably  the  sub- 
scapularis.  The  tendon  of  another  muscle  was  inserted  into 
the  extensor  surface  of  the  humerus  in  close  relation  to  the 
origin  of  the  outer  head  of  the  triceps ;  this  was  probably  the 
infra-apinatus.  The  triceps  was  distinctly  divided  into  three 
bellies,  two  arose  from  the  shaft  of  the  humerus,  the  third  and 
largest  was  cut  through,  but  had  obviously  arisen  from  the 
scapula ;  the  bellies  blended  below  and  were  inserted  into  the 
upper  convex  border  of  the  olecranon. 

Subjacent  to  the  thin  layer  of  blubber  on  the  flexor  aspect 
of  the  flipper,  a  strong  aponeurotic  membrane  was  exposed,  the 
fibres  of  which  ran  in  the  long  axis  of  the  flipper.  The  upper,  end 
of  this  aponeurosis  was  continuous  with  the  remains  of  what 
seemed  to  be  a  muscular  belly,  the  origin  of  which  had  been  cut 
through  in  the  disarticulation  of  the  flipper.  This  aponeurosis 
was  attached  below  to  the  lower  end  of  the  radius,  the  lower  end 
of  the  ulna,  and  the  ulnar  border  of  the  carpus.  When  this 
aponeurotic  tendon  was  reflected  a  strong  fibrous  membrane  was 
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exposed  which  covered  the  deep  flexor  muscleB,  and  which  veas 
attached  above  to  the  shaft  of  the  humeras  and  to  the  olecranon, 
and  below  to  the  shafts  of  the  ulna  and  radius.  On  removing 
this  membrane  three  flexor  muscles  were  exposed  (Plate  IV. 
fig.  2). 

Flexor  carpi  ulnaris  arose  from  both  the  olecranon  and  the 
adjacent  part  of  the  shaft  of  the  ulna.  The  belly  was  2^  inches 
long  and  1^  inch  at  its  widest  part ;  it  ended  in  a  distinct  tendon, 
which  descended  parallel  to  the  hinder'  border  of  the  ulna  to 
be  inserted  into  the  pisiform  bone  of  the  carpus. 

Flexor  digitorvm  ulnaris  arose  from  the  lower  end  of  the 
humerus,  the  olecranon,  the  shaft  of  the  ulna,  the  ligament  of 
the  elbow-joint,  and  the  interosseous  septum.  Its  muscular 
belly  was  6^  inches  long  by  2^  inches  in  its  widest  part,  and 
gave  origin  to  a  powerful  tendon,  which  descended  obliquely 
towards  the  radial  side  of  the  wrist.  This  tendon  was  at  first 
wide,  then  diminished  in  size,  and  again  expanded  prior  to  its 
division  into  three  tendons,  the  most  ulnar  of  which  soon  sub- 
divided into  two  slips,  which  were  inserted  as  low  down  as 
the  terminal  phalanges  of  digits  Y.  and  IV. 

The  tendon  to  digit  III.  ran  undivided  to  have  a  similar 
insertion.  The  tendon  to  digit  11.  divided  into  two  portions,  of 
which  the  more  radial  part  was  inserted,  by  an  expansion  into 
the  fibrous  tissue,  along  the  radial  border  of  the  manus,  lower 
down  than  the  short  pollex ;  the  other  part  was  inserted  mostly 
into  digit  II.,  but  somewhat  also  into  the  fibrous  tissue  on  the 
radial  side  of  that  digit. 

Flexor  digitorum  radialis  arose  from  the  lower  end  of  the 
humerus,  from  the  radius  and  the  interosseous  septum.  Its 
belly  was  only  2^  inches  long  by  1  inch  in  its  widest  part,  and 
from  it  a  slender  tendon  proceeded,  which  gave  oif  an  expansion 
to  the  fibrous  tissue  which  covered  the  carpal  bones,  also  a 
slender  slip  to  the  tendon  of  the  flexor  digitorum  ulnaris,  and 
finally  ended  in  the  terminal  phalanx  of  the  pollex  (digit  I.)  and 
in  the  fibrous  tissue  adjacent  to  it. 

A  muscular  mass,  4  inches  long  by  about  1^  inch  in  its  widest 
part,  which  was  not  so  powerful  as  the  muscular  belly  of  the 
flexors  of  the  digits,  was  situated  on  the  extensor  aspect  of  the 
flipper.     It  at  first  seemed  to  be  a  single  muscle  arising  from 
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the  ligament  of  the  elbow,  the  radius,  and  the  ulna ;  but  when 
more  carefully  examined  it  appeared  to  be  divided  as  follows 
into  a  radial  and  an  ulnar  portion  by  an  inter-muscular 
septum : — 

Mctensar  digiiorum  radialis  gave  origin  to  a  tendon  which 
almost  immediately  divided  into  two,  for  digits  II.  and  III.; 
each  passed  down  to  the  terminal  phalanx  of  its  digit;  that 
to  digit  II.  gave  off  several  slips  to  the  fibrous  tissue  of  the 
radial  border  of  the  manus  beyond  the  poUex  and  subjacent 
to  the  thin  sub-tegumentary  blubber;  that  to  digit  III.  also 
gave  some  slips  to  the  fibrous  covering  of  its  digit. 
1^*:  Extensor  digitorum  xdnaris  gave  origin  to  two  tendons,  one  of 
which  passed  to  digit  V.,  to  be  inserted  partly  into  it  and  partly 
into  its  fibrous  covering ;  the  other  split  into  several  slips  which 
intercommunicated  and  again  subdivided,  some  to  end  in  digit 
IV.  and  its  fibrous  covering,  others  into  the  fibrous  tissues 
between  IV.  and  digits  III.  and  IV.  (Plate  IV.  fig.  3). 

Blood-Vesskls. — The  Brachiai  Artery  was  situated  on  the 
concave  side  of  the  humerus,  and  descended  on  the  flexor  aspect 
of  the  limb.  It  was  placed  in  the  interosseous  interval  between 
the  flexores  digitorum  ulnaris  and  radialis  and  gave  off  mnsadar 
branches  to  them.  It  then  appeared  on  the  carpus  immediately 
beyond  the  tendon  of  the  flexor  digitorum  ulnaris,  under  cover 
of  which  it  had  previously  been  situated,  and  then  bifurcated ; 
one  branch  descended  between  digits  II.  and  III.,  the  other 
between  digits  III.  and  IV.,  and  these  digital  branches  were 
traced  to  the  tips  of  their  respective  digits.  When  in  the  inter- 
osseous interval  between  the  shafts  of  the  radius  and  ulna,  the 
main  artery  gave  oS  bl  perforating  branch,  which  passed  between 
the  two  bones  to  the  extensor  aspect  of  the  limb.  This  extensor 
or  perforating  branch  then  supplied  periosteal  .twigs  to  the 
periosteal  coverings  of  the  radius  and  ulna,  and  a  carpal  branch 
which  ran  to  the  radial  border  of  the  limb,  superficial  to  the 
joint  between  the  radius  and  the  first  row  of  carpal  bones,  and 
gave  off  twigs  to  the  periosteal  covering  of  the  carpal  and  meta^ 
carpal  bones  and  phalanges.  After  giving  origin  to  these 
branches  the  perforating  artery  descended  to  the  dorsal  aspect 
of  the  carpus,  where  it  ended  in  four  digitai  branches,  which 
descended  to  the  intervals  between  the  live  digits,  one  to  each 
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interval ;  at  the  interval  each  branch  bifurcated  to  supply  the 
adjacent  sides  of  the  fingers. 

Another  vessel,  an  tUnar  artery,  the  origin  of  which  was  cut 
across,  was  situated  on  the  flexor  aspect  of  the  olecranon.  It 
descended  under  cover  of  a  strong  fibrous  band,  which  crossed  the 
origin  of  the  flexor  digitorum  ulnaris,  then  pierced  this  muscle, 
and  appeared  again  in  the  interval  between  the  flexor  digitorum 
ulnaris  and  the  flexor  carpi  ulnaris  ;  it  then  descended  parallel 
and  close  to  the  radial  border  of  the  carpus,  where  it  sent  off  a 
branch  to  the  ulnar  border  of  the  carpus,  and  then  joined  a 
carpal  branch  of  the  brachial  artery,  and  the  vessel  formed  by 
their  junction  descended  in  the  interval  between  digits  IV. 
andV. 

Some  veins  were  seen  with  the  larger  arteries. 

Nerves. — Only  one  large  nerve  was  seen  passing  to  the  flipper, 
the  origin  of  which  could  not  be  ascertained.  It  apparently 
represented  a  mvsculo-spiral  nerve.  As  it  descended  in  the 
upper  arm  it  gave  a  branch  to  each  of  the  three  heads  of  the 
triceps  muscle.  It  continued  to  descend  on  the  flexor  aspect  of 
the  olecranon,  and  gave  branches  into  the  substance  of  the 
flexores  carpi  ulnaris  and  digitorum  ulnaris.  The  branch  to  the 
flexor  digitorum  ulnaris  probably  gave  an  offset  to  the  flexor 
digitorum  radialis,  although  this  branch  was  not  traced.  The 
trunk  of  the  musculo-spiral  nerve  also  gave  origin  to  a  large  per- 
/orating  branch,  which  pierced  the  arcuate  fibrous  membrane 
that  connected  the  lower  border  of  the  olecranon  to  the  shaft 
of  the  ulna.  This  perforating  branch  divided  on  the  extensor 
aspect  of  the  flipper  into  several  twigs  which  entered  the  bellies 
of  the  two  extensor  muscles. 

Periosteum,  Ligaments. — In  the  dissection  of  the  flippers 
one  observed  the  great  strength  of  the  periosteal  covering  of 
the  bones  and  the  continuity  of  the  periosteum  with  the  capsular 
ligaments  of  the  elbow-joint  and  carpal  series  of  articulations. 
Both  the  flexor  and  extensor  tendons  as  they  passed  down 
the  phalanges  were  retained  in  their  place  by  sheaths  formed 
by  the  strong  fibrous  covering  of  the  digits,  but  they  were 
freely  movable  within  their  sheaths.  The  cartilaginous  part 
of  the  olecranon  also  possessed  a  thick  perichondrium,  con- 
tinuous with  an  arcuate  fibrous  band.  Which  descended  from 
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the  lower  border  of  the  olecranon  along  the  ulnar  border  of 
the  ulna  as  low  as  its  carpal  end.  A  strong  fibrous  band,  con- 
tinuous with,  but  partially  dijfferentiated  from,  the  periosteal 
covering  of  the  bones,  was  situated  on  the  radial  side  of  the 
extensor  aspect  of  the  carpus,  and  was  prolonged  down  to  the 
poUex  to  be  attached  to  its  metacarpal  bone.  It  may  possibly 
represent  an  aborted  extensor  muscle  of  the  pollex. 

Professor  Flower  was,  I  believe,  the  first  to  notice,  but  with- 
out describing,  the  presence  of  muscles  and  tendons  in  the  fore- 
arm and  manus  of  a  Whalebone  Whale  {Balcenopiera  muscvlus)} 
In  1867  Drs  Carte  and  Macalister  gave  a  systematic  description  ^ 
of  the  muscles  of  the  flipper  in  Balienqptera  rostrata,  and  in 
1870  Mr  J.  B.  Perrin  recorded  '  his  dissections  of  the  muscles 
of  the  fore  limb  in  the  same  species.  In  the  winter  session 
1869-70, 1  dissected  the  muscles  in  the  flipper  of  the  foetus  of 
the  Bodcmoptera  sibbaidii  stranded  at  Longniddry. 

The  foetus  was  19  ft.  6  in.  long,  and  the  flipper  was  3  ft.  7  in. 
long,  and  although  the  animal  bad  been  dead  for  a  considerable  time, 
and  the  dissection  was  incomplete,  I  noted  the  following  arrange- 
ments : — A  subscapularis  occupied  the  ventral  suiface  of  the  scapula. 
An  infraspinatus  and  a  teres  minor  passed  from  the  dorsum  of  the 
scapula  to  the  outer  surface  of  the  humerus.  A  deltoid  passed  from 
the  acromion  downwards  to  the  humerus.  A  triceps  was  inserted  into 
the  olecranon  process  and  its  origin  from  the  posterior  border  of  the 
scapula  was  difl'erentiated.  A  well-marked  extensor  communis  digi- 
torum  arose  from  the  lower  end  of  the  humerus,  from  the  fibrous 
capsule  of  the  elbow,  and  from  the  upper  ends  of  the  radius  and  ulna. 
It  ended  about  the  middle  of  the  fore-arm  in  a  strong  tendon,  which 
flattened  out  on  the  back  of  the  carpus,  and  divided  into  four  distinct 
tendons,  each  of  which  passed  down  the  dorsal  surface  of  its  digit  for 
some  distance,  when  it  became  so  incorporated  on  the  one  hand  with 
the  periosteum,  and  on  the  other  with  the  deep  surface  of  the  skin, 
as  to  be  differentiated  with  difficulty  as  a  distinct  structure.  Two 
distinct  tendons  were  seen  on  the  flexor  aspect  of  the  fore-arm,  between 
the  radius  and  ulna,  which  were  traced  upwards  to  a  muscular  belly, 
which  seemed  to  arise  from  the  humerus  and  the  fibrous  capsule  of  the 
elbow.  The  larger  and  posterior  tendon,  which  represented  2k  flexor 
digitorum  ulnai^,  occupied  its  own  sheath,  and  then  expanded  and 
divided  into  four  distinct  tendons,  one  for  each  digit.  The  smaller 
and  anterior  tendon,  a  flexor  digitorum  radicdis,  also  in  its  own  sheath, 
then  divided  into  two  tendons,  which  joined  the  tendons  of  the  ulnar 

1  Proc.  Zool.  Soc,  Londm,  Nov.  28,  1866. 
'  Trans.  Roy.  Soc.  London,  June  20,  1867. 
»  Proc.  Zool  Soc  Lmdon,  Dec.  6,  1870. 
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flexor  going  to  the  Ist  and  2nd  fingers :  the  tendon  of  the  ulnar 
flexor  going  to  the  Ist  finger  being  much  smaller  than  that  from  the 
radial  flexor.  The  tendons  ended  on  the  palmar  surface  of  the  digits 
like  those  on  the  dorsal  surface.  A  musculo-tendinous  mass,  a  jlexor 
carpi  ulnarisy  arose  from  the  olecranon,  and  passed  along  the  inner 
border  of  the  ulna  to  end  in  the  spur-like  pisiform  cartilage. 

The  most  detailed  account  of  the  muscles  of  the  fore-limb  in 
the  whalebone  whales  has  been  given  by  Prof.  Struthers  in  his 
descriptions  of  the  flipper  in  Balcenoptera  musculus}  and  in 
BalcBTia  mysticetus.^  In  a  note  to  his  account  of  B,  muscalvs^ 
he  refers  to  a  dissection  which  he  had  made  of  the  flexor  and 
extensor  muscles  of  the  hand  in  HyjperoodoTVy  and  to  the  presence 
of  a  flexor  carpi  ulnaris  in  the  Common  Porpoise,  and  in  Nov- 
ember 1873  he  gave  a  systematic  description  of  the  finger 
muscles  in  Hyjperoodon?  Dr  John  Anderson  has  described  *  the 
muscles  of  the  fore-arm  and  hand  in  Platanista  garu/etiea,  and  in 
addition  to  a  fairly  marked  flexor  of  the  fingers,  and  a  compara- 
tively aborted  extensor  digltorum^  he  found  two  remarkable 
muscles,  closely  approximated  together,  which  extended  from 
the  humerus  and  ulna  along  the  ulnar  border  of  the  fore-arm  to 
the  border  of  the  5th  metacarpal  and  the  phalanges  of  digit  V. 
He  thought  that  one  might  represent  an  extensor,  the  other  a 
flexor  carpi  ulnaris. 

As  might  naturally  be  expected  from  the  affinities  between 
Hyperoodon  and  Mesoplodon,  the  arrangement  of  the  muscles  in 
Sowerby's  Whale  corresponded  in  most  respects  with  what 
Dr  Struthers  had  previously  described  in  Hyperoodon,  but  there 
were  some  differences  in  detail ;  thus,  whilst  in  Hyperoodon  the 
flexor  digitorum  radialis  ended  in  the  radial  tendon  of  the 
flexor  digitorum  ulnaris,  in  Mesoplodon  it  only  gave  a  slip  to  the 
flexor  digitorum  ulnaris,  and  ended  in  the  poUex  and  adjacent 
fibrous  tissue,  and  the  two  divisions  of  the  extensor  mass  appeared 
to  have  more  independent  insertions  in  Mesoplodon  than  in 
Hyperoodon. 

It  has  been  customary  for  authors  to  speak  of  the  muscles  in 
the  fore-arm  and  manus  of  the  Cctacea  as  rudimentary,  and  to 

^Jtmr.  o/Anat,  and  Phys,^  Nov.  1871,  vol.  vi. 

2  Ihid.,  Jan.  1878,  vol.  xu. 

•  Jour,  of  AnaL  arid  Phys,,  1874,  voL  viii  p.  114. 

^  Anatomical  and  Zoological  Researches,  p.  542,  London,  1878. 
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ascribe  to  thein  little  if  any  function.  Dr  Strutbers,  to  whose 
careful  dissections  of  these  muscles  I  have  above  referred, 
regarded  them  in  B.  mvsculus  as  having  no  more  functional 
activity  than  would  sufGice  '*  to  give  some  rigidity  or  resistance 
to  the  joints,  the  tendons  serving  very  much  as  ligaments 
which  the  muscles  will  help  to  tighten/'  and  in  the  Mysticetus 
he  regards  their  function  as  chiefly,  if  not  altogether,  ligament- 
ous (p.  224);  though  in  Hyperoodon,  in  accordance  with  the 
greater  relative  development  of  the  muscles,  and  the  greater 
mobility  of  the  joints  of  the  fiugers  and  carpus,  he  considers 
that,  to  the  merely  passive  resistance  which  a  purely  ligament- 
ous condition  would  afiford,  these  muscles  will  add  some  activity. 
Dr  Anderson  believes  that  the  Gangetic  Dolphin  has  consider- 
able mobility  of  the  man  us,  and  especially  that  it  has  power  over 
the  fifth  digit 

Undoubtedly,  as  all  anatomists  admit,  the  chief  movements  of 
the  flipper  in  the  Cetacea  take  place  at  the  shoulder-joint  by  the 
action  of  the  muscles  inserted  into  the  humerus;  though  I 
believe  that  the  triceps,  through  its  insertion  into  the  olecranon, 
and  through  the  very  slight  mobility  of  the  elbow-joint,  will  also 
assist  in  drawing  the  entire  limb  backwards.  As  I  have  not 
dissected  the  muscles  in  the  fore-arm  and  manus  of  a  well-grown 
Whalebone  Whale,  I  do  not  give  an  opinion  on  the  extent  of 
their  action,  though,  from  the  highly  cartilaginous  condition  of 
the  carpus  in  these  animals,  I  quite  recognise  that  the  skeletal 
arrangements  would  not  admit  of  much  mobility  in  the  manus. 
But  in  Meaoplodon,  as  will  be  shown  further  on,  the  skeletal 
arrangements  permitted  of  movements  both  between  the  carpal 
bones  and  at  the  joints  of  the  digits  themselves.  I  cannot, 
therefore,  in  this  whale,  look  upon  these  muscles  as  having 
merely  a  ligamentous  function,  or  as  being  rudimentary  in  the 
sense  in  which  the  short  flexor  muscle  of  the  middle  digit  of  the 
horse,  and  the  short  flexors  of  the  middle  and  annular  digits  of 
the  sheep  and  ox  are  rudimentary,  when  they  become  trans- 
formed into  the  suspensory  ligament  of  the  fetlock.^  On  the 
contrary,  the  red,  fleshy  bellies  of  these  muscles,  and  the 
absence  of  fatty  degeneration,  the  definite  vascular  and  nervous 

See  Prof.   D.  J.   Cuningham's  yery  instructiye  paper  on  this  sabjeet  in  the 
J<yk(.r,  of  Anat  wnd  Phys.,  Oct.  1883,  vol.  xviii.  p.  1. 
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supply,  the  mobility  of  the  tendons  in  their  sheaths,  the  presence 
of  diarthrodial  joints  in  the  manus,  all  point  to  these  muscles  io 
JUesophdan  as  being  functionally  active.  When  the  flexors  of  the 
fingers  were  drawn  upon,  the  phalangeal  and  metacarpal  part  of 
the  manus  was  bent  towards  the  fore-arm,  so  that  a  certain 
amount  of  palmar  flexion  was  permitted.  But,  owing  to  the 
preponderance  in  size  of  the  flexor  digitorum  ulnaris,  the  direc- 
tion obliquely  towards  the  radius  both  of  its  muscular  belly 
and  of  its  tendon  prior  to  its  division,  and  the  greater  relative 
size  of  the  tendon  going  to  digit  II.,  the  radial  border  of  the 
hand  was  also  bent  towards  the  ulnar  border,  so  that  the  entire 
manus  was  not  only  flexed,  but  an  oblique  or  somewhat  rotatory 
movement  was  communicated  to  it,  such  as  is  given  to  an  oar  in 
the  act  of  ''  feathering."  The  extensor  muscles  were  not  so 
powerful  as  the  flexors,  but,  upon  being  drawn  upon,  they 
straightened  the  digital  part  of  the  manus  after  it  had  been 
flexed,  and  also  bent  it  very  slightly  towards  the  dorsum  of  the 
fore-arm.  The  elasticity  of  the  cartilaginous  structures  in  the 
manus,  and  the  resistance  offered  by  the  water,  would  during 
life  co-operate  with  the  extensor  muscles  in  this  action  ^  and 
render  it  unnecessary  for  them  to  be  so  powerful  as  the  flexor 
muscles.  Owing  to  the  five  digits  being  enveloped  in  a  conmion 
tegumentary  covering,  movement  of  the  individual  digits  was 
not  permitted,  but  the  thinness  of  this  covering  allowed  the 
movements  of  the  manus  to  which  I  have  just  referred.  The 
feathering  movement  of  the  hand  would  without  doubt  and  to 
the  efficiency  of  the  flipper  as  an  instrument  of  progression. 

The  distribution  of  nerves  to  the  anterior  extremity  of  Meso- 
plodon  is,  as  regards  the  number  of  trunks,  more  simple  than 
was  observed  by  Professor  D.  J.  Cunningham  in  his  dissections 
of  the  Porpoise  and  D.  alhirostris}  In  these  DelphiniddB,  in 
addition  to  the  nerves  supplying  the  muscles  acting  directly  on 
the  shoulder-joint,  a  medio-ulnar  and  a  musculo-spiral  trunk 
were  described  by  that  anatomist  With  the  exception  of  a 
branch  from  the  latter  nerve  to  the  triceps  muscle,  these  nerves, 
owing  to  the  absence  of  muscles  in  the  fore-arm,  were  distri- 
buted to  the  skin  of  the  limb.  But  in  Mesoplodon  only  a  single 
nervous  trunk  was  seen,  which,  after  supplying  the  triceps,  gave 

*  Jour,  of  Anat.  and  Phya^t  vol.  xi. 
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branches  to  both  the  flexor  and  extensor  muscles  in  the  fore- 
arm; probably  also  it  supplied  the  skin  of  the  fore-arm  and 
hand,  although  the  cutaneous  nerves  were  not  traced. 

Skeleton. 

As  I  have  on  former  occasions  described  the  character  of  the 
skull  of  a  female^  Mesoplodon  bidens,  and  the  skull  and  a  large  part 
of  the  skeleton  of  an  adult  male,^  it  is  not  necessary  to  describe 
the  entire  skeleton  of  this  male  specimen.  It  will  be  sufficient 
if  I  point  out,  along  with  the  most  salient  features,  some 
differences  between  this  and  the  preceding  male,  and  describe 
those  bones  which  were  missing  in  that  specimen.  The  skeleton 
was  fully  ossified,  all  the  epiphyses  being  united. 

Skull, — The  maximum  length  of  the  skull  was  30  inches,  and 
the  beak,  from  the  premaxillary  foramen,  was  20|  inches  long. 
The  beak  tapered  very  elegantly  in  front,  and  terminated  with  the 
tips  of  the  premaxillary  bones.  The  meso-rostral  (medio-rostral) 
canal  was  to  a  considerable  extent,  as  in  my  previous  male, 
which  I  shall  call  No.  1.  occupied  by  a  meso-rostral  (medio- 
rostral)  bone,  which  extended  12  inches  in  front  of  the  mes- 
ethmoid  and  ended  in  a  point,  but  was  not,  as  in  No.  1, 
longitudinally  grooved  on  its  upper  surface.  As  this  bone  was 
not  present  in  the  female  skull,  it  marks  a  sexual  character. 
The  greatest  breadth  of  the  skull,  between  the  post-orbital 
processes,  was  12;^  inches ;  the  greatest  height  of  the  skull  from 
pterygoids  to  vertex  was  lOf  inches.  The  malar  was  a  very 
slender  bar,  attenuated  at  its  temporal  end,  but  plate-like 
anteriorly. 

The  mandible  was  26^  inches  long,  and  the  characteristic  pair 
of  mandibular  teeth  projected  for  nearly  2  inches  beyond  the 
alveolar  border.  They  were  placed  partly  opposite  and  partly 
behind  the  posterior  end  of  the  elongated  symphysis.  The  two 
halves  of  the  mandible  could  not  be  separated  from  each  other, 
as  they  were  ankylosed  at  the  anterior  end  of  the  symphysis. 

The  tympano-periotic  bones  were  intact.  The  tympanic  bone 
had  the  bilobed  form  inferiorly  and  posteriorly,  which  has  been 

1  Trans,  Boy.  Soc.  Edin.,  May  20, 1872. 

^  Proc.  Hoy.  Soc.  Edin,,  Jan.  30,  1882,  and  Jour,  of  Anat.  and  Phys.y  April 

1882. 


ANATOMY  OF  SOWERBY'S  WHALE.  175 

described  by  Professor  Flower^  in  Mesoplodon  australis  and 
grayi  and  by  myself^  in  a  young  M,  layardi.  I  have  com- 
pared it  carefully  with  the  tympanic  of  Layard's  Mesoplodan. 
They  had  both  the  same  length,  l-j^^ths  inch ;  but  the 
maximum  breadth  in  Layard's  whale  was  1*4  inch  and 
in  Sowerby's  1'2  inch.  In  Sowerby's  whale  the  outer  lobe 
was  not  so  rounded,  and  the  groove  between  it  and  the  inner 
lobe  was  not  so  deep,  but  it  extended  more  distinctly 
to  the  anterior  end  of  the  bone  than  in  Layard's  whale. 
The  inner  surface  in  Layard's  whale,  where  it  passed  to  the 
entrance  into  the  tympanic  bulla,  turned  abruptly  from  the 
inferior  surface;  but  in  Sowerby's  whale  the  inner  and  inferior 
surfaces  passed  gently  into  each  other  by  a  rounded  border.  The 
outer  surfaces  were  very  similar  in  the  two  specimens,  but  the 
vertical  groove  in  Sowerby's  was  a  little  wider  than  in  Layard's 
Mesoplodon,  and  the  mastoid  part  of  the  bone,  which  was  con- 
tinuous with  the  tympanic  by  a  constricted  neck,  was  a  little 
more  elongated  than  in  Layard's  whale.  The  petrous  bone  in 
Sowerby's  whale  was  1  Jths  inch  long  and  l^th  inch  in  greatest 
breadth,  so  that  its  dimensions  were  not  quite  so  great  as  those 
of  Layard's  Mesoplodon;  but  in  their  general  form  and  appear- 
ance the  two  specimens  closely  corresponded.  A  sharp  spur- 
like process  descended  from  the  squamous-temporal  immediately 
in  front  of  the  petro-tympauic,  and  prevented  displacement 
forwards  of  these  elements  of  the  temporal' 

The  Hyoid  apparatus  consisted  of  a  body  (basi-hyal)  and  pair 
of  great  cornua  (thyro-hyals),  conjoined  into  a  single  hyoid 
bone,  a  pair  of  cerato-hyals,  and  a  pair  of  stylo-hyals.  Both 
the  body  and  great  cornua  were  flattened,  and  although  the 
general  form  of  the  bone  was  concave  upwards,  yet  the  great 
cornua  themselves  were  convex  on  their  upper  surface.  The 
great  cornua  tapered  slightly  to  the  tip,  and  the  distance  between 
the  tips  of  the  two  horns  was  7J  inches,  the  greatest  antero- 
posterior diameter  of  the  horn  was  IJ  inch,  and  the  greatest 
antero-posterior  diameter  of  the  body  was  1 J  inch.  The  cerato- 
hyals  were  each  \\  inch  long,  and  were  cylindriform  rods  of 
cartilage  movable  both  on  the  hyoid  and  the  stylo-hyals ;  they 

*  TraTis.  Zool.  Soc.  London^  vol.  x.  part  ix.,  1878. 
'  Challenger  Reports ,  part  iv. ,  1880. 
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were  attached  to  the  hyoid  so  close  together  that  the  interval 
between  them  was  a  mere  chink.  The  stylo-hyals  were  almost 
parallel  to  the  great  cornua,  and  on  each  side  an  irUer-hyoid 
muscle  occupied  the  whole  length  of  the  intermediate  intervaL 
Their  inner  ends,  where  they  were  jointed  to  the  cerato-hyals  at 
an  acute  angle,  were  1  inch  asunder;  their  outer  ends,  10 
inches  asunder,  were  tipped  with  cartilage,  and  attached  by  a 
strong  ligament  to  the  under  surface  of  the  mastoid  temporal. 
The  greatest  antero-posterior  diameter  of  each  stylo-hyal  was 
1^  inch ;  the  inferior  surface  was  marked  by  a  ridge  running 
from  within  outwards,  but  the  upper  surface  was  concave  in  its 
inner  half. 

SpiTie, — The  vertebral  formula  was  Cy,  Dj^,  Lu,  Cdjg=47.  It 
possessed,  therefore,  one  vertebra  more  than  is  present  in  the 
skeleton  at  Brussels,  and  in  each  of  the  two  skeletons  in  the 
museum  at  Goteborg.  It  agreed  with  No.  1  in  the  number  of 
yertebrsd  in  the  cervical,  dorsal,  and  lumbar  regions,  but  as  in 
No.  1  several  caudal  vertebrae  were  missing,  I  cannot  compare 
it  in  that  region.  It  had  the  same  number  of  cervical  and 
dorsal  vertebra)  as  in  the  Brussels  and  the  first  of  the  Goteborg 
specimens,  but  it  had  one  lumbar  more  than  in  the  Brussels  and 
two  more  than  in  the  first  Goteborg  skeleton.  The  terminal 
caudal  vertebra  was  no  larger  than  a  big  pea,  and,  if  I  had  not 
received  the  tail  entire,  would  in  all  probability  have  been  lost 

The  atlas  and  axis  were  ankylosed  into  a  single  block ;  the 
remaining  cervicals  were  separate  bones.  The  laminae  of  the 
3rd,  4th,  5th,  and  6th  were  not  united  mesially,  but  the  7th  had 
an  elongated  spine.  No  cervical  had  a  complete  vertebrarterial 
foramen. 

In  the  dorsal  vertebrae  the  mesial  ridge  appeared  on  the 
inferior  surface  of  the  9th  vertebra.  The  anterior  six  dorsals 
were,  as  regards  their  costal  articulations,  the  same  as  in  No.  1. 
The  7th  had  no  definite  costal  facet  on  either  side  of  its  body ; 
it  had  the  strong  articular  process  for  the  tubercle  of  the  corre* 
spending  rib  projecting  from  the  side  of  the  pedicle  close  to  the 
zygapophysis.  It  is  to  be  regarded  as  the  vertebra  of  transition. 
The  8th,  9th,  and  10th  dorsals  had  no  articular  surface  for  the 
rib  on  the  side  of  the  neural  arch,  but  a  transverse  process' 
for  articulation  with  the  rib,  which,  whUst  a  mere  ridge  in  the 
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8th,  increased  to  3^  inches  in  the  10th,  projected  from  each  side 
of  the  body. 

Eleven  vertebrae  intervened  between  the  last  dorsal  and  the 
first  vertebra  which  carried  a  chevron  bone,  so  that  we  must 
speak  of  eleven  lumbar  vertebrae.  There  were  ninete^i  caudals, 
which  diminished  in  size  from  before  backwards,  the  terminal 
one  being  no  larger  than  a  big  pea,  but  jointed  by  a  distinct  disc 
to  the  penultimate  vertebra,  so  that  it  was  movable. 

A  vertical  foramen  appeared  in  the  7th  caudal  at  the  root  of 
the  transverse  process,  and  was  seen  in  the  sides  of  the  bodies  of 
several  succeeding  vertebrae.  The  caudals  in  front  of  the  7th 
were  grooved  on  the  side  of  the  body  behind  the  transverse 
process  for  lodgment  of  vessels.  There  were  eight  chevron 
bones ;  the  vertical  diameter  of  the  longest  was  7^  inches  and  of 
the  shortest  If  inch. 

Bibs, — Ten  pairs  of  ribs  were  present,  which  is  the  normal 
number  in  this  species,  although  the  second  Goteborg  skeleton 
had  only  nine  pairs  of  ribs.  The  1st  to  the  7  th  inclusive  each 
had  a  head,  neck,  and  tubercle,  and  possessed  therefore  two 
vertebral  articular  surfaces.  The  8th,  9tb,  and  lOtb  had  a  single 
articular  surface  only  for  the  transverse  process  on  the  side  of 
the  body.  The  length  of  the  1st  rib  in  a  straight  line  was  12^ 
inches;  of  the  2nd,  18|  inches;  of  the  3rd,  23  inches.  The  6th 
and  7th  were  the  longest  ribs,  each  being  between  26  and  27 
inches  long.  The  10th  rib  was  the  shortest,  and  was  only  11 
inches  long.  The  shafts  of  the  more  anterior  ribs  were  broadened 
out  in  proximity  to  the  tubercle,  and  concave  on  the  pleural 
surface. 

Sternum, — The  sternum  was  a  flattened  bone  22^  inches  long. 
It  consisted  of  five  segments — the  3rd,  4th,  and  5th  being  anky* 
losed  together,  the  Ist  and  2nd  separating  during  maceration.  The 
1st  segment  was  prolonged  forward  into  two  elongated  cornua, 
between  which  was  a  deep  presternal  notch.  These  presternal 
cornua  were  very  short  in  No.  1.  Four  mesial  foramina  were  in 
the  bone ;  that  between  the  3rd  and  4th  segments  was  no  bigger 
than  would  admit  a  quill,  whilst  the  others  were  of  considerable 
size.    This  bone  articulated  laterally  with  six  pairs  of  ribs. 

Pelvic  tones, — These  bones  had  been  removed  along  with  the 
penis  and  its  muscles,  but  both  muscles  and  penis  had  been  much 
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injured.    Each  bone  was  a  slender  curved  bar,  concave  inwards, 

convex  outwards,  the  right  was  3^  inches  long  in  a  straight  line, 

the  left  scarcely  3J  inches ;  the  greatest  breadth  of  the  bone  was 

about }  inch,  the  posterior  end  of  each  bone  was  pointed,  and 

tipped  with  a  thin  layer  of  cartilage,  the  anterior  end  formed  a 

rounded   tubercle,  the  transverse  distance  between  the  outer 

curved  aspects  of  the  two  bones  was  5^  inches.    A  muscle  was 

attached  to  the  outer  aspect  of  each  bone,  but  was  cut  through 

so  that  its  outer  attachment  could  not  be  seen.    A  broad  thick 

muscle,  erector  penis,  arose  from  the  inner  aspect  of  each  bone, 

and  passed  forwards  and  inwards,  partly  to  join  its  fellow  in 

the  mesial  line,  and  partly  to  be  attached  to  the  strong  fibrous 

wall  of  the  crus  and  corpus  cavernosum  penis.     Behind  it  was 

another  thick  muscle,  so  much  injured  that  its   attachments 

could  not  be  determined.    When  the  erector  was  removed  the 

crus  penis  was  exposed,  and  its  attachment  to  the  inner  concave 

surface  of  the  pelvic  bone,  to  a  little  more  than  its  posterior 

third,  was  seen.      The  body  of  the  penis,  as  is  usual  in  the 

Cetacea,  was  not  divided  into  two  corpora  cavernosa.      The 

corpus  spongiosum  urethrse  was  imbedded  in  the  under  surface 

of  the  body  of  the  penis,  and  the  urethral  tube  within  it  was  no 

larger  than   would  admit  a  moderate-sized    porcupine    quill. 

Between  the  urethra  and  the  strong  fibrous  envelope   of  the 

corpus  spongiosum  was  erectile  tissue.    The  penis  was  17  inches 

long  from  the  attachment  of  the  crus  to  the  anterior  pointed 

extremity  of  the  organ. 

Anterior  Extremity. — The  scapula  was  somewhat  larger  than 
in  No.  1.  The  elongated  bar-like  coracoid  and  the  groove-like 
pre-spinous  fossa  were  well  marked.  The  humerus  was  6J  inches 
long,  with  a  flattened  shaft,  and  a  large  head  covered  with  carti- 
lage. The  radius  and  vlna  had  the  usual  flattened  form  in  the 
Cetacea,  and  were  arranged  side  by  side.  The  radius  was  6^ 
inches  long  between  its  upper  and  lower  articular  surfaces, 
and  the  ulna  was  5f  inches.  The  ulna  had  a  large  bony 
olecranon,  which  ended  in  a  cartilaginous  prolongation  2  inches 
long,  the  olecranon  mounted  by  the  side  of  the  shaft  of  the 
humerus  to  within  1^  inch  from  the  head  of  that  bone.  The 
elbow-joint  was  enclosed  by  a  dense  strong  capsule.  When  cut 
into,  the  ends  of  the  bones  were  seen  to  be  encrusted  with 
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cartilage,  and  to  bound  a  joint  cavity  containing  synovia.  A 
slight  joggliDg  movement  seemed  all  that  was  possible  at  this 
joint. 

The  manus  waspentadactylous.  The  carpus,  when  compared 
with  the  Whalebone  Whales,  consisted  of  a  mazimom  of  bone 
and  a  minimum  of  cartilage.  The  cartilage,  indeed,  except  oeai 
the  pisiform,  was  no  greater  in  amount  than  sufficed  to  eDCmst 
the  articular  surfaces  of  the  bones.  The  carpus  was  made  up  of 
a  proximal  row,  a  distal  row,  an  oe  centiale,  and  a  pisiform. 

The  proximal  row  contained  three  bones — radiale,  intermedium 
and  nlnara    The  radiale  (scaphoid)  was  one  iacb  in  transverse 


Fig.  a 

Fio.  C. — The  palmar  or  flexor  lorface  of  the  Mauiu  (without  the  phalanges)  of 
Maoplodon  bidtna.  R  and  U  the  lower  ends  of  the  radios  and  ulna  ; 
r,  radiale ;  i',  intermsdinm  ;  u,  nlnare  ;  p,  pisiform  ;  e  i,  ctrpale  I  ;  «  2  and  3 
repreaents  apparentl;  the  2iid  and  Srd  cajpalia ;  c  4  and  5  repreMUta  ap- 
parently the  4th  and  Gth  carpalia ;  C,  oe  centrale ;  P  pollei ;  IL  to  T.  the 
metacarpals  of  the  foor  fingers. 

Fio.  D. — The  extensor  or  dorsal  surface  of  the  carpal  bones  of  the  same  animal ; 
the  lettering  ia  the  same. 
Then  figures  and  fignre  E  have  heeu  drawn  fiom  the  specimens  hy  my  son,  Ur 

W.  A,  Turner. 

diameter  and  articulated  with  the  radius,  intermedium,  centrale, 
and  carpale  1.  The  intermedium  (lunare),  IjJ  inch  in  transverse 
diameter,  was  grooved  on  its  flexor  aspect  for  the  tendon  of  the 
flexor  digitorum  ulnsris;  it  articulated  with  the  radius,  ulna, 
radiale,  ulnare,  centrale,  and  the  bone  representing  carpalia  2  -J-  3. 
An  important  feature  in  its  arrangement  was  the  ascending 
process,  which  it  sent  upwards  between  the  lower  ends  of  the 


180  PROFESSOB  W.  TURNER. 

radius  and  ulna,  to  articulate  with  both  bones.  The  ulnare 
(cuneiform),  was  1^  inch  in  transverse  diameter  and  articulated 
with  the  ulna,  intermedium,  pisiform,  and  the  bone  representing 
carpalia4+5. 

The  distal  row  consisted  of  three  bones,  of  which  the  most 
radial  was  the  trapezium  or  carpale  1  of  Gegenbaur,  the  next  in 
all  probability  represented  carpalia  2  +  3,  and  the  third  simi- 
larly represented  carpalia  4+5.  Carpale  1  (trapezium)  was  one 
inch  in  diameter,  and  articulated  with  the  radiale,  centrale,  the 
representative  of  carpalia  2  +  3,  and  the  metacarpals  of  poUex 
and  II.  Carpalia  2+3  (conjoined  trapezoid  and  magnum), 
formed  a  single  bone  If  inch  in  transverse  diameter,  which  was 
grooved  on  its  flexor  aspect  for  the  tendon  of  the  flexor  digi- 
torum  ulnaris;  it  articulated  with  the  centrale,  intermedium, 
carpale  1,  with  the  bone  representing  carpalia  4+5,  and  the 
metacarpals  II.  and  III.  Carpalia  4+5  (unciform)  formed  a 
single  bone  Ifths  in  transverse  diameter,  which  was  grooved  on 
its  dorsal  surface  opposite  the  interval  between  metacarpals  IV. 
and  v.;  it  articulated  with  the  ulnare,  pisiform,  the  bone 
representing  2+3  carpalia,  and  metacarpeds  IV.  and  V. 

The  centrale  was  only  visible  on  the  flexor  aspect  of  the 
carpus,  where  it  projected  slightly  as  a  roundish  nodule,  0'6  of 
an  inch  in  its  longest  diameter.  It  was  wedged  in  between 
the  proximal  and  distal  rows,  and  articulated  with  the  radiale, 
intermedium,  carpale  1,  and  the  bone  representing  carpalia  2+3  ; 
it  passed  for  some  depth  into  the  substance  of  the  carpus,  but  did 
not  appear  on  the  dorsal  aspect.  The  pisiform  was  almond 
shaped,  nearly  an  inch  in  its  long  diameter,  and  was  placed  quite 
on  the  ulnar  border  of  the  carpus.  It  articulated  with  the 
ulnare  and  with  the  bone  representing  carpalia  4+5,  and  a  pro- 
longation of  the  cartilage  which  surrounded  it  was  sent  upwards 
to  the  lower  end  of  the  ulna,  and  downwards  to  metacarpal  V. 

The  radiale  was  separated  from  the  radius,  and  the  ulnare 
from  the  ulna,  by  distinct  joint  cavities,  with  synovial  fluid, 
but  the  intermedium  was  attached  to  its  articular  surfaces  on 
the  radius  and  ulna  by  intermediate  cartilage,  which  tore 
through  when  the  bones  were  drawn  asunder,  and  a  similar 
attachment  was  between  the  intermedium  and  the  radiale  on 
the  one  side  and  the  ulnare  on  the  other.    A  diarthrodial  joint 
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cavity,  with  syiioyial  fluid,  was  interposed  between  the  distal 
and  proximal  carpal  rows.  The  distal  carpalia  were  partly 
connected  to  each  other  by  intermediate  cartilage,  but  in  part 
this  cartilage  was  hollowed  out  into  small  joint  cavities. 

The  pollex  consisted  of  a  slender  cylindriform  metacarpal 
bone,  and  an  elongated  nodule  of  cartilage  which  represented 
an  nnossified  phalanx.  Digit  II.,  which  was  slightly  the  longest, 
consisted  of  a  metacarpal  bone  and  five  phalanges ;  Digit  III. 
contained  a  metacarpal  bone  and  four  phalanges ;  Digit  IV.  a 
metacarpal  bone  and  three  phalanges;  Digit  Y.  a  metacarpal 
bone  and  two  phalanges.  The  metacarpals  of  the  fingers  were 
flattened,  and  this  was  especially  seen  in  the  short  metacarpal 
y.,  which  was  also  set  at  an  angle  to  metacarpal  lY.  The 
phalanges  were  movable  on  the  metacarpal  bones  and  on  each 
other,  and  had  apparently  joint  cavities  in  the  intermediate 
cartilage. 

A  figure  of  the  carpus  in  Sowerby's  whale  has  already  been 
given  by  Dr  ^.  W.  Malm,^  but  it  difiers  in  several  particulars 
from  the  carpus  which  I  have  just  described.  It  possesses  in 
the  proximal  row  the  radiale,  intermedium,  and  ulnare,  though 
Malm  interprets  the  radiale  as  if  it  were  compounded  of  both 
scaphoid  and  trapezium.  In  the  distal  row  it  has  C 1  (trapezium), 
G  2  (trapezoid),  C  3  (magnum),  G  4+C  6  conjoined  to  form  an 
unciform.  Malm  interprets  G  1  as  if  it  were  the  metacarpal  bone 
of  the  pollex,  whereas  from  its  position  it  is  obviously,  as  in  my 
specimen,  the  first  bone  of  the  distal  carpalia.  It  will  be  observed 
fdso  that  v^hilst  in  my  specimen  a  large  bone  represents  both 
G  2+3,  in  Malm's  they  are  distinct  as  a  trapezoid  and  a  magnum. 
In  Malm's  the  pisiform  is  not  ossified,  and  there  is  no  os 
centrale.  M.  van  Beneden,  in  his  description  of  the  skeleton 
of  the  female  Sowerby's  whale  in  the  Boyal  Museum  in 
Brussels,^  states  that  the  two  rows  of  the  carpus  have  each  three 
bones,  of  which  the  middle  is  the  lai^est.  M.  Gervais  states' 
that  in  the  skeleton  of  this  whale  from  Sallenelles,  preserved  in 
the  museum  at  Gaen,  there  are  three  proximal  carpals  and  three 
distal  carpals. 

1  Hvaldjur  i  Sveriges  Museer  ar,  1869,  plate  ▼.  fig.  52,  Stockholm,  1871. 

*  M^m.  cU  VAcad.  deBelgique.  Coll.,  in  8vo,  torn.  xvi. 

*  Van  Beneden  and  Gervais,  Ost^ographie  dea  Citacis,  p.  401 


182  PROFESSOR  W.  TURNER. 

In  my  specimen,  being  an  adult  male,  the  ossification  of  the 
carpus  had  reached  a  more  advanced  stage  than  in  any  pre- 
viously described  example,  for  not  only  were  certain  bones  in  the 
distal  row^  which  had  probably  arisen  from  originally  distinct 
centres  conjoined,  but  it  had  both  an  ossified  pisiform  and  an 
08  centrala  In  the  possession  of  an  os  centrale  it  recalled  the 
well  known  type-form  of  carpus  of  Gegenbaur  as  figured  by  him 
in  the  manua  of  the  Water  Tortoise  {Chelydra  serpentiTia).  So 
far  as  I  have  been  able  to  ascertain,  no  example  of  an  os  centrale 
has  previously  been  described  in  the  Cetacean  carpus,  though 
its  presence  in-  the  carpus  of  the  Orang  and  some  other  mam- 
malia is  universally  recognised.  In  the  human  carpus  also  a 
cartilage,  which  represents  it,  has  been  described  both  by  Bosen- 
berg  and  by  KoUiker  at  an  early  stage  of  development  in  the 
young  embryo,  and  us  has  been  shown  both  by  Wenzel  Gruber 
and  by  myself,^  it  occasionally  persists  as  a  distinct  ossicle  in  the 
adult  human  carpus.  It  is  interesting  to  note  that  in  the 
adult  human  carpus  which  I  described,  the  os  centrale,  as  in 
Sowerby's  whale,  was  visible  on  one  aspect  only  of  the  manus, 
but  whilst  in  the  cetacean  it  was  seen  on  the  ficxor  aspect,  in 
the  human  manus  it  appeared  on  the  dorsal  surface. 

Another  character  in  the  carpus  of  this  Mesoplodon,  which 
also  deserves  attention,  is  the  prolongation  of  an  ascending 
process  from  the  proximal  surface  of  the  intermedium  into  the 
interval  between  the  lower  ends  of  the  radius  and  ulna.  From 
Malm's  figure  of  his  specimen  I  have  little  doubt  that  a  similar 
arrangement  occurred  in  it  also,  though  he  does  not  refer  to  it. 
In  Oegenbaur's  6gure  of  the  carpus  of  Chdydra  the  intermedium 
is  also  represented  as  prolonged  into  an  interval  between  the 
bones  of  the  forearm,  an  arrangement  which  doubtless  shadows 
out  the  true  position  of  this  bone  in  the  forelinib.  Professor 
Marsh,  in  his  description  of  the  limbs  of  Sauranodon  (Bap- 
tanodon)  ^  points  out  that,  in  the  hind  limb  of  that  reptile,  three 
bones  articulate  with  the  lower  end  of  the  femur,  and  he  regards 
the  middle  of  these  three  as  the  intermedium ;  whilst  the  two 
others  are  tibia  and  fibula.  He  considers  that  the  true  position 
of  the  intermedium  is  in  this  the  epipodial  segment,  and  that 

*  Joum,  ofAnaL  and  Phys,,  p.  246,  voL  xrii.,  1883. 

'  Americcm  Journal  of  Science,  pp.  170,  491,  vol.  xix.,  3rd  series,  1880. 
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in  the  specialisation  of  parts  in  the  higher  vertebrates  it  is 
gradually  crowded  out  of  that  segment  into  the  mesopodial  or 
tarsal  segment,  where  it  is  usually  found.  In  the  hind  limb  of 
many  birds  the  astragalus  possesses  an  ascending  spike-like 
process  which  passes  into  the  interval  between  the  tibia  and 
fibula.  In  the  present  number  of  this  Journal  (Oct.  1885)  Mr 
J.  Bland  Sutton  directs  attention  to  some  observations  by  Pro^ 
fessors  Wyman  and  Morse ^  on  the  tarsus  of  birds,  in  which  it 
was  recognised  that  the  spike-like  process  arose  from  an  inde- 
pendent centre  of  ossification,  and  Mr  Sutton  confirms  these 
observations  by  an  examination  of  an  embryo  cygnet  and  an 
ostrich  chick.  Both  Morse  and  Sutton  consider  this  spike-like 
process  to  correspond  with  the  os  intermedium  of  the  typical 
tarsus,  and  they  have  both  figured  in  the  amphibian  salamander 
an  ascending  process  of  the  intermedium  passing  into  the  inter- 
val between  the  tibia  and  fibula.  Now,  if  this  fundamental  posi- 
tion of  the  intermedium  is  true  of  the  hind  limb,  it  is  without 
doubt  also  the  case  in  the  anterior  extremity,  and  the  inter- 
medium in  it  is  in  all  probability  originally  a  member  of  the 
fore-arm  or  epipodial  segment. 

The  light  which  this  carpus  in  Sowerby's  whale  has  thus 
thrown  upon  the  constitution  of  the  mammalian  carpus  has  led 
me  to  study  this  part  of  the  Cetacean  skeleton  in  some  other 
specimens  of  natural  skeletons  of  the  manus  in  the  Anatomical 
Museum  of  the  University.  One  of  the  most  interesting  of  these 
is  a  carpus  which,  though  unmarked,  obviously  belongs  to  the 
skeleton  of  an  adult  Hyperoodon  roatratus.  The  proximal  row 
consists  of  radiale,  intermedium,  and  ulnare.  The  intermedium 
has  only  a  short  ascending  process.  The  distal  carpalia  are  five 
distinct  bones,  not  so  regularly  faceted  as  those  in  the  proximal 
row,  and  with  a  larger  proportion  of  cartilage  between  them. 
These  bones  pass  from  the  radial  to  the  ulnar  border  in  regular 
order,  as  G  1  to  C  5,  and  each  is  associated  with  the  metacarpal 
bone  of  its  corresponding  digit.  A  similar  arrangement  exists 
in  both  hands.  The  carpus  possesses  also  an  elongated  pisiform 
cartilage,  which  in  one  hand  is  partially  ossified  (fig.  E). 

This  is,  I  believe,  the  only  specimen  of  a  mammalian  carpus 
in  which  the  presence  of  five  distinct  carpal  bones  has  been  re- 

*  Anniversary  Memoirs,  Boston  Soc.  Nat.  Hist,  1880. 
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cognlBed  Id  the  distal  row.  M.  Grenrais  has  indeed  figured  ^  the 
manns  of  a  foetal  Hyperoodon  in  the  Museum  in  Paris,  in  which 
he  represents  five  cartilages  in  the  distal  row,  and  in  his  descrip- 
tion he  states  that  one  is  for  each  finger,  but  that  the  5th  of 
these  ''  faisant  saillie,"  juts  out,  like  a  pisiform.  A  skeleton  in 
the  Museum  at  Lille  has  also,  he  says,  the  same  number  of 
carpals.  Apparently,  therefore,  he  regarded  the  most  ulnar  of 
these  cartilages  not  as  a  distal  carpale,  but  as  a  pisiform.  The 
position  of  these  bones  in  my  adult  carpus,  and  of  the  corre- 
sponding cartilages  in  the  foetus  figured  by  Gervais,  leaves  no 


Fio.  K — Snrface  of  Manus  (withotit  the  phalanges)  in  Byperoodon  roa^nUuB. 

The  lettering  aa  in  fig.  C. 

doubt  in  my  mind  that  we  have  here  to  deal  with  five  distal 
carpalia,  such  as  Gegenbaur  has  figured  in  Ukelydra ;  and  that 
the  carpus  in  Syperoodon  exhibits,  therefore,  in  this  particular, 
the  generalised  arrangement  of  the  carpalia  seen  in  that  reptile; 
but  it  does  not  possess  an  os  centrale.  The  carpus  of  Hyperoodon, 
figured  by  Vrolik,^  had  only  four  bones  in  the  distal  row,  one  for 
the  pollez  and  one  for  each  of  the  three  succeeding  digits.  The 
minimus  had  no  distal  carpal,  but  from  the  large  proportion  of 
cartilage  in  this  manus  it  is  obvious  that  the  animal  was  not  adult, 
and  the  ossific  nucleus  for  carpale  5  had  not  yet  been  formed. 

^  Van  Beneden  and  Geirais,  OsUographU  dea  Citacie,  pi.  zliii  fig.  4,  p.  378. 
*  Op.  ciL,  pL  iii. 
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As  regards  the  carpus  in  Ziphius  cavirodris,  an  example  of 
which  has  been  figured  by  A.  W.  Malm  (pi.  v.  fig.  51),  I  differ 
from  that  anatomist  in  the  interpretation  to  be  put  on  the  bones. 
Those  of  the  proximal  row  are,  I  believe,  ulnare,  intermedium, 
and  radiale,  and  the  last  named  is  not,  as  he  conceives,  a 
scaphoideo-trapesium.  Those  of  the  distal  row,  four  in  num- 
ber, are,  I  believe,  an  unciform  (carp.  4,  5),  an  os  magnum 
(carp.  3),  a  trapezoid  (carp.  2) ;  whilst  the  most  radial  bone  in 
this  row,  which  he  regards  as  the  metacarpal  of  the  pollex,  is  in 
my  judgment  a  trapezium  (carp.  1).  From  Burmeister's  figure  of 
the  carpus  (plate  xviiL  fig.  2)  of  his  Zvphius^  it  would  appear 
that  it  possesses  radiale,  intermedium,  and  ulnare;  but  only 
three  bones  in  the  distal  row,  a  trapeeium  for  the  pollex,  trape- 
zoid for  the  index,  a  magnum  (carp.  3,  4)  for  both  medias  and 
annularis,  and  that  carpale  5  has  not  been  formed. 

In  the  right  natural  carpus  of  a  welUgrown  GHobiocephaiiM 
melas  in  tbe  University  Museum  the  following  bones  were  seen : — 
In  the  proximal  row,  radiale,  intermedium,  and  ulnare,  the  last 
named  being  much  the  smallest  The  intermedium  had  a  dis- 
tinct ascending  part  between  the  radius  and  ulna,  so  that  nearly 
one-half  the  intermedium  lay  below  the  lowest  points  of  the 
radio-ulnar  surface.^  In  the  distal  row  there  was  no  carpale 
for  digit  v.,  the  metacarpal  bone  of  which  was  set  at  such 
an  angle  as  to  articulate  with  both  the  ulmire  and  the  inferior 
epiphysis  of  the  ulna.  The  most  ulnar  distal  carpale  articulated 
with  metacarpals  lY.  and  III ;  it  probably  represented  carpale  4. 
Next  in  order  was  a  carpale  which  articulated  with  metacarpals 
III.  and  II.,  and  was  probably  carpale  3.  Then  followed  a  carpale 
which  articulated  with  metacarpal  II.,  and  was  without  doubt 
carpale  2,  and  was  situated  at  the  radial  border  of  the  carpus. 
On  its  distal  aspect  was  a  rounded  bone  0*7  inch  in  diameter ; 
which  was  also  at  the  radial  border  of  the  manus,  and  in  longi- 
tudinal series  with  the  phalanges  of  the  pollex.  In  transverse 
series  it  was  in  the  plane  of  the  proximal  ends  of  the  metacarpal 
bones  of  the  fingers,  and  has  usually  been  regarded  as  the  meta- 
carpal bone  of  the  pollex.  In  its  rounded  form  and  roughened 
surface  it  is  much  more  like  a  distal  carpal  than  a  metacarpal,  and 

^  The  proportion  of  intermediimi  between  the  two  bones  of  the  fore-arm  was 
like  that  which  Gegenbaur  figures  in  Menopoma  (pL  i.  fig.  6). 
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I  am  disposed  to  regard  it  as  carpale  1  (trapezium).  The  elongated 
bones  in  the  pollex  distal  to  the  rounded  bone  would  there- 
fore be  a  metacarpal  and  two  phalanges.  If  this  view  be 
correct,  then  Globiocephalus  has  four  distal  carpals  and  not 
three  as  is  usually  stated.  In  this  carpus  the  proximal  articu- 
lar surfaces  of  metacarpals  II.,  III.,  IV.  were  bi-faceted,  like 
the  lower  end  of  the  humerus,  and  the  facets  were  separated  by 
an  intermediate  ridge ;  the  distal  carpalia  articulating  with  them 
were  therefore  pushed  laterally,  so  as  not  to  lie  opposite  the 
ridge,  but  to  articulate  with  the  lateral  facets,  and  therefore 
intermediate  to  two  metacarpals.  But,  in  addition  to  these  bones, 
an  osseous  nodule  was  embedded  in  a  piece  of  cartilage,  which 
occupied  the  interval  between  the  radiale,  intermedium,  carpale  2, 
and  carpale  3 ;  from  its  position  it  represented  an  os  centrale. 
In  the  left  carpus  the  os  centrale  was  absent,  though  the  cor- 
responding cartilage  was  there,  and  the  ulna  was  fused  with  the 
distal  carpale,  which  I  have  numbered  4.  No  pisiform  was 
present  in  either  manua 

The  observations  which  I  have  made  on  these  specimens  have 
led  me  to  form  a  somewhat  different  conception  of  the  constitu- 
tion of  the  carpus  in  the  Toothed  Whales  than  has  been  custom- 
ary. It  is  obviously  of  importance  to  study  this  part  of  the 
skeleton  in  adult  forms,  and  with  the  bones  and  cartilages  in 
their  natural  position,  and  not  artificially  articulated.  Whilst 
the  specimens  confirm  the  view  that  three  bones  make  up  the 
proximal  row,  they  also  show  that  the  general  statement  fre- 
quently made  that  only  three  bones  occur  iu  the  distal  row  is 
not  applicable  to  all  the  species.  In  Hyperoodon,  for  example, 
there  are  five  distinct  distal  carpalia  in  the  fully  ossified  skeleton, 
and  in  a  younger  animal,  like  Yrolik's  specimen,  four  distal  car- 
palia. In  Ziphius  cavirostris,  also,  I  hold  that  there  are  four 
distal  carpalia,  and  I  put  the  same  interpretation  on  the  distal 
portion  of  the  carpus  of  Globiocephahis.  In  Mesoplodon  bidens, 
again,  a  definite  os  centrale  occurs  in  the  adult  carpus,  and  even 
in  Globiocephalus  this  carpal  element  sometimes  appears.  The 
pisiform  bone  is  found  also  in  Mesoplodon  and  Hyperoodon 
in  addition  to  the  examples  given  by  Professor  Flower^  in 
Physeter,  Inia,  and  Delphinus  tursio, 

^  Trans.  ZooL  Soc.  London,  yol.  vL,  1868. 
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The  diminution  of  the  number  of  the  distal  carpalia,  from  the 
type  number  five,  may  be  due  either  to  one  or  more  centres  o( 
ossification  not  having  formed  in  the  carpal  cartilage,  or  to  the 
fusion  with  each  other  of  ossific  nuclei,  which  were  distinct  in 
the  younger  condition  of  the  same  carpus.  Diminution  by  non- 
formation  of  a  distal  carpal  is  well  seen  in  QlobiocephaliLS,  in 
which  metacarpal  V.  has  no  distal  carpal  to  articulate  with,  and 
consequently  that  digit  is  set  further  upwards  than  is  usual,  and 
approximates  to  the  ulna  and  to  the  proximal  row;  also  in  Vrolik's 
Hyperoodon  in  which,  from  not  being  an  adult,  carpale  5  had 
not  yet  formed.  Because  the  poUex  is  feeble  in  the  Cetacea, 
and  has  a  tendency  to  disappear,  it  was  thought  by  van 
Bambeke  ^  that  the  trapezium  was  frequently  not  developed, 
even  when  the  rudiments  of  a  poUex  were  present,  and  both  he 
and  A.  W.  Malm  have  put  into  the  metacarpal  series  a  bone  which 
I  have  regarded  as  carpale  l(trapezium).  Diminution  by  fusion  of 
two  carpalia  is  seen  in  my  Mesoplodon  bidens,  in  which  the  most 
ulnar  bone  in  the  distal  row  had  a  groove  on  its  dorsal  surface 
opposite  the  irfferval  between  metacarpals  IV.  and  V.,  which 
indicated,  I  believe,  the  line  of  fusion  of  two  originally  distinct 
bones.  But  a  bone  in  the  proximal  row  may  also  fuse  with  one 
in  the  distal  row,  as  in  the  left  carpus  of  Globiocephalvs,  in  which 
the  ulnare  is  fused  with  carpale  4,  whilst  on  the  right  side 
they  are  distinct  I  am  not,  however,  disposed  to  hold  with  A. 
W.  Malm  that  the  bone,  which  in  so  many  of  his  figures  of  the 
carpus,  he  calls  a  scaphoideo-trapezium,  is  a  combination  of  these 
two  carpal  elements  from  different  rows.  On  the  contrary,  I  regard 
it  as  the  radiale  (scaphoid)  only,  and  consider  the  bone  which,  in 
many  of  his  specimens,  lies  immediately  on  its  distal  side,  to  be 
the  tr£Cpezium.  I  do  not,  however,  maintain  as  a  universal  pro- 
position that,  when  a  distal  carpal  in  the  Cetacea  articulates 
with  two  metacarpals,  it  has  necessarily  been  produced  by  the 
fusion  of  two  originally  distinct  centres  of  ossification,  as  it  may 
have  arisen  from  only  a  single  centre,  which,  either  by  suppres- 
sion of  a  centre  on  one  or  the  other  side  of  it,  or  by  a  limited 
growth  of  such  a  centre,  has  extended  laterally  in  the  cartilaginous 
matrix  so  as  to  articulate  with  more  than  one  metacarpal  bone. 

That  the  anterior  extremity  of  a  Cetacean  is  much  more 

^  M6m.  de  VAcad.  Boy,  de  Belgique,  t.  xviii.,  1865. 
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generalised  in  many  of  its  characters  than  it  is  in  other 
mammals  is  well  known.  The  flattened  form  of  the  bones  of 
the  fore-arm,  with  the  radius  fixed  in  the  cephalic  edge  of  the 
limb ;  the  multiplication  of  the  phalanges  in  several  of  the 
digits;  the  simplicity  in  form  of  the  metacarpal  bones  and 
phalanges,  and  the  difficulty  in  distinguishing  these  from  each 
other,  except  by  their  relative  size,  are  at  once  apparent.  But 
my  observations  on  the  carpus  in  the  specimens  described  in  this 
paper  have  brought  out  that  in  this  part  also  of  the  skeleton  a 
more  generalised  plan  of  construction  prevails  than  is  customary 
in  mammals.  The  presence  of  five  distal  carpalia  in  Hypefroodorv, 
the  tendency  of  the  intermedium  to  pass  between  the  radius 
and  ulna  in  Mesoplodon  and  Globiocephaltis,  are  arrangements 
which  call  to  mind  Gegenbaur's  figure  of  Chelydra  serpentina 
and  Marsh's  of  Sauranodon,  and  show  that  in  these  respects  also 
the  anterior  extremity  in  these  Getacea  exhibits  a  less  amount 
of  departure  from  the  more  primitive  form  of  carpus  than  is 
customary  in  mammals.  Even  the  occurrence  of  an  os  centrale 
in  Mesoplodon  and  in  OlchiocqpJialus,  which,  though  not  without 
its  homologue  in  many  other  mammals,  is  of  interest  also  in  the 
same  particular. 


EXPLANATION  OF  PLATE  IV. 

For  the  drawings  of  natural  size  from  which  these  figures  were 
reduced,  I  am  indebted  to  one  of  my  pupils,  Mr  A.  C.  Harkness. 

Fig.  1.  Dorsal  surface  of  tail  of  Mesoplodon  hidens. 

Fig.  2.  Flexor  aspect  of  dissected  flipper,  n,  musculo-spiral  nerve ; 
5,  brachial  artery ;  «,  ulnar  artery ;  /c,  flexor  carpi  ulnaris ;  fu^  flexor 
digitorum  ulnaris ;  /r,  flexor  digitorum  radialis  ;  P,  poUex. 

Fig.  3.  Extensor  aspect  of  dissected  flipper,  n,  musculo-spiral 
nerve;  ir^  triceps;  oly  olecranon;  er,  extensor  digitorum  radialis; 
eu,  extensor  digitorum  ulnaris ;  pn,  perforating  nerve  to  extensors ; 
2>a,  perforating  artery  to  dorsum  of  hand ;  P,  pollex. 
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The  Anatomy  of  the  Intestinal  Canal  and  Peritoneum  in  Man.  By 
Fredbriok  Trevbs,  F.RC.S.,  Hunterian  Professor  at  the  Royal 
College  of  Surgeons  of  England^  Surgeon  to  and  Lecturer  on 
Anatomy  at  Vie  London  Hospital.     (4 to.    H,  K.  Lewis,  London.) 

This  work  consists  of  tlie  lectures  delivered  at  the  Royal  College  of 
Surgeons  in  1885,  and  gives  the  results  derived  from  the  systematic 
examination  of  one  hundred  fresh  bodies,  besides  foetuses  and  lower 
animals.  The  average  length  of  the  small  intestine  in  the  adult  male 
is  found  to  be  22  feet  6  inches,  in  the  female  23  feet  4  inches ;  of  the 
colon,  4  feet  8  inches  in  the  male,  and  4  feet  6  inches  in  the  female. 
The  length  is  independent  of  age,  height,  and  weight,  and  the  ratio 
between  large  and  small  intestines  is  not  constant ;  the  differences  in 
length  being  referable  to  physiological  rather  than  morphological  data, 
that  is  to  say,  to  the  nature  of  the  food,  the  vigour  of  the  digestive 
processes,  &c.  At  birth  the  small  intestine  is  9  feet  5  inches,  and  the 
large  1  foot  10  inches.  This  is  singularly  constant ;  but  after  birth 
the  growth  of  the  small  intestine  proceeds  in  an  irregular  manner, 
which  has  probably  relation  to  the  irregularities  and  varieties  of  diet 
in  children,  especially  among  the  lower  classes. 

A  particular  account  is  given  of  the  fossa^  and  the  plica  duodena- 
jejunalis  in  the  peritoneum,  near  the  commencement  of  the  jejunum, 
with  their  development  and  relation  to  retro-peritoneal  hernia ;  also  of 
mesenteric  holes.  These  he  finds  to  be  most  common  near  the  termina- 
tion of  the  ilium,  where  the  ileo-colic  branch  of  the  superior  mesen- 
teric artery  circumscribes,  by  its  anastomosis  with  the  last  of  the  intes- 
tinal arteries,  an  area  on  the  mesentery,  of  a  well-rounded  or  oval  shape. 
This  area  presents  no  fat  or  blood-vessels.  The  peritoneum  in  its 
becoming  atrophied  and  cribriform  a  hole  is  easily  made  here,  perhaps, 
by  a  knuckle  of  bowel  which  may  become  strangulated. 

A  laborious  investigation  proved  that  it  was  impossible  to  deter- 
mine such  a  localisation  of  the  coils  of  the  small  intestines  as  to  enable 
the  surgeon  to  form  a  notion  of  the  part  of  the  small  intestines  that 
would  be  likely  to  be  involved  in  each  of  the  various  hemise  on  different 
sides  of  the  body.  For  instance,  '4t  is  not  uncommon  to  find  loops 
lying  together  in  contact  with  the  pelvic  floor  that  are  in  reality  some 
12  or  14  feet  apart,  as  may  be  seen  when  their  proper  position  in  the 
course  of  the  bowel  is  defined"  (p.  33).  It  is  an  important  point  in 
connection  with  the  relation  of  the  mesentery  to  hernia  that  if  the 
"  condition  of  the  viscera  and  peritoneum  be  normal,  it  will  be  found 
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impossible  to  drag  a  loop  of  small  intestine  throagh  the  femoral  canal 
(artificially  enlarged)  on  to  the  thigh,  or  down  the  inguinal  canal  into 
the  scrotum.  In  fact,  no  coil  can,  in  any  part,  be  drawn  out  of  the 
abdomen  below  a  horizontal  line  on  a  level  with  the  spine  of  the  pubes. 
It  IB  evident,  therefore,  that  in  a  femoral  or  a  scrotal  hernia  the  mesen- 
tery must  be  elongated"  (p.  27).  Mr  Birkett,  the  author  remarks,  has 
called  attention  to  this  subject,  but  its  importance  appears  to  have  been 
overlooked. 

With  regard  to  the  relations  of  the  caecum,  the  author  finds  the 
result  of  his  investigations  to  be  entirely  at  variance  with  the  state- 
ments contained  in  the  anatomical  text-books.  Instead  of  being,  as 
usually  stated,  destitute  of  peritoneal  covering  behind,  and  attached 
by  areolar  tissue  to  the  fascia  covering  the  right  iliacus  muscle,  in  every 
case  that  he  **  has  yet  seen  the  cscum  has  been  entirely  enveloped  on 
all  sides  by  peritoneum,  and  has  been  free  in  the  abdominal  cavity" 
(p.  40).  It  is  connected  by  the  reflection  of  the  peritoneum  or  com- 
mencement of  the  meso-colon,  commonly  with  the  psoas  muscle,  rarely 
with  the  iliacus,  and  in  some  instances  it  is  free  from  both  muscles  and 
hangs  over  the  pelvic  brim,  or  is  lodged  entirely  within  the  pelvic 
cavity.  These  relations  are,  of  course,  of  great  interest  both  in  sur- 
gery and  medicine,  and  indicate  the  impossibility  of  carrying  into  effect 
certain  operations  upon  that  organ  which  have  been  proposed.  His 
observations  also  respecting  the  relative  frequency  of  the  presence  of  a 
mesocolon  on  the  two  sides  are  not  in  accordance  with  the  statements 
in  surgical  text-books,  for  he  finds  that  a  mesocolon  may  be  expected 
upon  the  left  side  in  36  per  cent,  of  all  cases,  and  on  the  right  side  in 
26  per  cent.  His  observations,  also,  do  not  quite  accord  with  the  received 
account  of  the  anatomy  and  relations  of  the  sigmoid  flexure  of  the 
colon  and  the  rectum.  The  remarks  respecting  the  ileo-csecal  fosssB, 
the  C8Bcal  folds,  and  other  points  are  of  much  interest ;  but  it  will  be 
sufliciently  evident  from  the  points  to  which  we  have  alluded  that  Mr 
Treves  has  made  a  valuable  contribution  to  our  knowledge  of  the 
anatomy  of  the  intestinal  canal  and  the  peritoneum.  The  work  is 
illustrated  by  twenty-two  figures. 
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Old  Age  and  Changes  Incidental  to  it     By  Q.  M.  Hub£PHRY,  M.D., 
r.E.S.     (Cambridge :  Macmillan  and  Bowes.) 

This  was  the  annual  oration  delivered  before  the  Medical  Society  of 
London,  May  4,  1885.  The  results  given  in  it,  which  relate  chiefly 
to  the  condition  of  the  costal  cartilages,  the  arteries,  the  rate  of  the 
heart's  beat  and  of  respiration,  the  atrophy  of  the  bones,  the  loss  of 
teeth,  &c,  are  derived  from  500  returns  made  to  a  schedule  of 
inquiries  issued  by  the  Collective  Investigation  Committee  of  the 
•British  Medical  Association,  of  which  Professor  Humphry  is  the 
•chairman.  The  stages  and  processes  of  old  age  and  decline  are 
regarded  as  physiological  and  developmental  processes  of  a  ^'  descend- 
ing" development,  quite  as  much  as  those  of  the  ^^  ascending"  develop- 
ment of  early  life,  and  they  take  place,  unless  interrupted,  in  as 
regular  and  as  duly  proportioned  a  manner,  so  as  to  maintain  the 
requisite  working  balance  between  the  several  organs.  "  Yet,  strange 
and  paradoxical  as  it  may  seem,  this  gradual  natural  decay  and  death, 
with  the  physiological  processes  which  bring  them  about,  do  not 
•appear  to  present  themselves  in  the  ordinary  economy  of  nature,  but 
to  be  dependent  upon  the  sheltering  influences  of  civilisation  for  the 
opportunity  to  manifest  themselves  and  to  continue  their  work."  In 
the  pure  realm  of  nature  "  death  is  swift,  and  comes  early,  as  soon,  at 
least,  as  failure  of  strength  renders  the  animal  unable  to  protect  or 
provide  for  itself ;  and  man,  it  would  seem  probable,  in  early  periods, 
had  no  exemption  from  this  sharp,  though,  on  the  whole,  beneficent 
law  of  animal  life."  Thus  the  prolongation  of  life  into  the  periods  of 
decay  and  also  disease  are  attributed  to  civilisation;  and  it  is  the 
further  work  of  civilisation  to  combat  and  root  out  disease,  and  to  give 
the  body  the  best  opportunities  for  health  and  longevity. 

The  i-eparative  powers  exhibited  by  the  aged  in  the  repair  of 
wounds  and  fractures,  to  which  the  author  called  attention  in  the  pre- 
ceding volume  of  this  Journal,  are  mentioned,  many  confirmatory  facts 
having,  in  the  interim,  been  communicated  by  various  members  of  the 
profession ;  and  the  orator  concluded  by  stating  that  there  are  many 
points  in  relation  to  longevity  which  remain  to  be  discussed,  and  asked 
for  further  information  from  those  who  have  the  opportunity  of  making 
returns  respecting  persons  who  have  attained  to  great  age. 
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Frozen  Sections  of  a  ChUd.  By  Thcxicab  Dwioht,  M.D.,  Parkmm 
Professor  of  Anatomy  at  Harvard  University.  (Wm.  Wood  & 
Co.,  New  York.) 

Thb  subject  was  the  body  of  a  girl,  three  years  old;  and  as  the 
anatomy  of  this  age  has  received  little  attention,  and  the  peculiarities 
due  to  the  age  are  carefully  noticed  in  the  text^  the  work  is  of  much 
value,  especially  as  the  plates  are  of  life-size,  and  drawn  from  the  sec- 
tions with  much  care.  For  instance,  in  the  section  through  the  abdo- 
men and  loins,  the  following  are  among  the  points  observed : — The 
spinal  cord  has  come  to  an  end  near  the  top  of  the  third  lumbar 
vertebra,  whereas  in  an  adult  woman  it  terminates  about  half-way 
down  the  second,  and  in  man  about  the  lower  border  of  the  firsts  so 
that  the  cord  is  still  relatively  long.  The  umbilicus  is  opposite  the 
fourth  lumbar  vertebra,  i.6.,  a  little  lower  than  in  the  adult.  There 
is  one  of  the  invaginations  of  the  small  intestine  which  probably  often 
occur  in  children  without  giving  rise  to  any  symptoms.  The  caecum  has 
not  made  much  progress  in  its  descent  from  the  right  hypochondrium ; 
and  Professor  Dwight's  observations  lead  him  to  think  that  the 
wanderings  of  the  csecum  are  not  completed  so  soon  as  authorities 
state.  He  believes  that,  as  a  rule,  it  does  not  reach  its  permanent 
position  till  a  year  or  two  after  birth. 
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THE  MORPHOLOGY  OF  THE  ARTERIAL  SYSTEM  IN 
MAN.    (Part  I.)    By  A.  Macalisteb,  M.A.,  M.D.,  F.R.S., 

Professor  of  Anatomy,  University  of  Cambridge, 

The  arrangement  of  the  blood-vessels  in  the  adult  forms  of  the 
lowest,  and  in  the  embryos  of  the  higher  vertebrates,  indicates 
that  the  history  of  the  complicated  vascular  system  of  higher 
forms  has  been  one  of  development  from  a  simple  and  regular 
ancestral  condition  of  metameric  and  inter-metameric  vessels, 
through  easily  defined  stages,  to  the  mdre  confused  and  irregular 
condition  of  the  arterial  system  in  the  adults  of  higher  forms. 

The  blood-vessels  participate  in  the  metamerism  of  the 
vertebrate  body,  however  that  metamerism  may  have  arisen ; 
but  as  the  vascular  system  arises  in  the  course  of  the  increasing 
division  of  labour  of  the  organism  for  the  transport  of  nutriment 
from  one  part  to  another,  the  chief  stems  are  those  which  are 
dia-  or  inter-metameric.  The  simplest  vertebrate  vascular 
system  probably  consisted  of  a  tubular  arcade  or  half  ring  on 
the  splanchnic  wall  of  each  segment  on  each  side,  joined  to  the 
corresponding  arch  in  the  preceding  and  succeeding  segment  by 
a  dorsal  and  ventral  inter-metameric  trunk  on  each  side  of  the 
median  line.  In  the  whole  organism  the  vessels  would  thus 
form  a  double  series,  two  long  ventral  trunks,  two  corresponding 
dorsal  trunks,  and  the  lateral  uniting  arches  in  each  segment. 

One  of  the  earliest  changes  which  took  place  in  this  primitive 
system,  was  the  fusion  into  single  trunks  of  the  longitudinal 
vessels.  There  are  two  primitive  dorsal  vessels  in  vertebrate 
embryos,  and  their  fusion  can  be  traced  in  the  chick,  beginning 
at  the  forty-second  hour  of  incubation.  This  union  commences 
behind  the  head  and  travels  backwards  rapidly,  so  that  after  the 
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fifth  day  there  is  but  a  single  dorsal  vessel  for  the  middle  and 
hinder  part  of  the  body — the  dorsal  aorta. 

In  the  region  of  the  head  and  neck  in  mammals,  the  foremost 
ends  of  the  two  vessels  remain  permanently  separate  as  the 
internal  carotid  arteries,  while  the  part  intervening  on  each  side, 
between  the  united  vessels  forming  the  aorta  and  the  separated 
parts  forming  the  carotids,  called  on  each  side  Ductus  Botalii, 
becomes  obliterated,  except  in  cases,  like  those  described  by 
Harrison,  Quain,  and  Flood,  in  which  the  persistence  of  the 
ductus  and  the  obliteration  of  the  transverse  part  of  the  third 
aortic  arch  causes  the  internal  carotid  to  arise  independently  from 
the  aorta.  I  saw  one  unilateral  instance  of  thissome  years  since,  in 
Dublin,  which,  like  the  other  described  case,  was  on  the  right  sida 

There  were  also  originally  two  ventral  longitudinal  vessels, 
but  their  union  probably  occurred  even  earlier  than  that  of  the 
dorsal  This  embryonic  doubleness  of  the  ventral  stem  has 
been  regarded  as  a  secondary  cleavage,  due  to  the  presence 
of  food  yolk,  but,  I  think,  on  insufficient  evidence. 

The  setting  apart  of  one  portion  of  the  single  ventral  vessel  to 
form  the  heart  differentiates  the  pre-  from  the  post-cardiac 
portions  of  the  ventral  vessel  The  latter  becomes  venous,  and 
we  shall  not  at  present  trace  its  history  farther.  The  former 
becomes  the  ventral  aorta. 

The  adult  arterial  system  consists  of  the  modified  pre*cardiac 
ventral  vessel,  the  dorsal  trunk,  the  pre-cardiac  lateral  arcades, 
and  the  dorsal  portions  of  the  metameric  vessels  in  the  post- 
cardiac  segments,  together  with  new  branches  arising  from  these. 

As  a  consequence  of  the  cardiac  di£ferentiation,  the  only  places 
where  complete  metameric  arcades  remain  are  the  pre-cardiac 
segments,  where  the  ventral  aorta  is  joined  to  the  dorsal  by 
vessels  which  become  the  lateral  aortic  or  branchial  arches. 

Behind  the  heart  in  higher  vertebrates,  a  series  of  vessels 
extend  from  the  dorsal  aorta  through  the  mesogastric  fold,  and 
end  in  the  splanchnopleure ;  these  correspond  to  the  dorsal 
extremities  of  the  post-cardiac  lateral  metameric  arcades,  but 
just  as  the  pre-cardiac  lateral  vessels  have  become  specialised  by 
the  development  of  the  branchial  clefts  into  respiratory  arches, 
so  these,  very  early  in  the  phylum,  have  participated  in  the 
specialisation  of  the  post-cardiac  splanchnopleure  and  become 
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visceral  arteries.  Like  their  anterior  representatives,  they 
become  broken  into  a  rete  in  the  middle  of  their  course,  forming 
a  capillary  plexus,  and  from  this  their  ventral  continuation  has 
become  venous,  ending  in  the  sub-intestinal  ventral  vein,  the 
specialised  derivative  of  the  post-cardiac  ventral  vessel.  The 
modified  remains  of  these  vessels  we  know  in  human  anatomy 
as  bronchial,  oesophageal,  coeliac,  mesenteric,  and  vitelline  arteries, 
which,  originally  paired,  have  for  the  most  part  undergone,  like 
the  longitudinal  trunk,  a  fusion  into  single  median  vessels.  If 
these  were  completed  they  would  stretch  from  the  dorsal  to  the 
ventral  vessel,  but  the  causes  of  their  displacement  and  of  their 
being  cut  short  are  easily  seen. 

On  the  development  of  the  muscle  plates,  a  parietal  branch 
from  the  dorsal  aorta  arises  in  each  mstamere  for  its  supply,  and 
when  the  muscular  wall  of  the  somatopleurc  differentiates  into 
dorso-lateral  and  ventro-lateral  muscles,  this  vessel  gives  off 
corresponding  dorso-lateral,  and  ventro-lateral  branches.  The 
former  of  these  extends  into  the  tissues  arising  from  and  below 
the  lamina  dorsales  on  each  side,  the  latter  extends  ventrally 
into  the  somatopleure. 

These  metameric  parietal  branches  from  the  dorsal  aorta  are 
not  necessarily  similar  in  size  and  distribution,  although  serially 
homologous  in  origin,  for,  like  all  smaller  vessels,  they  arise,  for 
the  convenience  of  the  segment,  to  supply  the  needs  of  the 
developing  parts ;  they  also  are  not  necessarily  regular,  their 
evolution  being  proportional  to  the  sizes  of  the  territories  to  be 
supplied,  and  to  the  activity  of  the  metabolism  therein. 

The  metameric  parietal  branches  are  least  modified  in  the 
region  of  the  thorax,  where  they  form  the  inter-costal  arteries, 
also  in  the  loins,  where  they  form  the  lumbar  vessels,  each  single 
trunk  on  each  side  giving  off  dorsal  and  ventral  branches. 

The  terminal  branches  of  the  dorso-lateral  vessels  form  a 
continuous  series  of  inter-segmental  anastomoses  along  the 
closed  edge  of  the  dorsal  fissure  on  each  side,  which  becomes  in 
the  adult  the  posterior  spinal  artery,  receiving  supplies  from  the 
entire  series  of  segmental  vessels.  A  similar  but  late-forming 
and  single  median  anastomosis  forms  along  the  floor  of  the  dorsal 
groove,  the  anterior  spinal  artery.  Free  anastomosis  along  this 
region   is  necessary,  as  the  spinal  cord  requires  a  constant, 
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uniform,  and  uninterrupted  blood  supply.  The  ventro-lateral 
branches  likewise  form  along  the  medio-ventral  line  on  each 
side  a  chain  of  medio-ventral  anastomoses ;  these  become,  in  the 
adult,  the  epigastric  and  internal  mammary  arteries. 

Coincidently  with  the  development  and  consolidation  of  the 
separate  parts  and  processes  of  the  axial  skeleton  different  systems 
of  iuter-metameric  anastomoses  arise.  These  vary  in  position 
and  size  according  to  the  general  principle  which  regulates  all 
such  anastomoses,  viz.,  that  whenever  a  primitive  blood  channel  is 
BO  placed  that  its  blood  stream  is  liable  to  be  interrupted,  com- 
munications form  between  its  branches  and  those  of  neighbour- 
ing trunks  at  the  nearest  spot  where  there  is  the  minimum  of 
pressure  or  displacement.  In  the  dorsal  region,  owing  to  the 
development  of  the  rib-basket  and  the  consequent  interseg- 
mental immobility,  the  parietal  trunks  are  not  liable  to  much 
compression,  so,  except  at  their  ventral  terminations,  the 
anastomoses  are  small. 

Watching  the  development  of  blood-vessels,  we  learn  with  what 
facility  vessels  form  in  mesoblast,  and  although  I  cannot  speak 
positively,yet  from  what  I  have  seen  I  think  it  probable  that  vessels 
have  proceeded  in  development  from  the  compound  lacunar  system 
to  the  tube;  it  is  also  probable  that,  historically,vascular  space  has 
at  first  arisen  in  the  excavation  of  single  plastides  by  diaccdosus; 
and  when,  in  the  course  of  descent,  a  trunk  has  become  established, 
the  process  is  then  abbreviated  as  we  find  it  in  the  chick,  where 
in  the  formation  of  large  trunk  vessels  the  space  arises  by  the 
liquefaction  of  the  central  cells  of  primitively  solid  cords. 

The  largest  inter-metameric  anastomoses  of  the  parietal  vessels 
take  place  close  to  their  primary  divisions,  the  dorso-lateral 
trunks  communicate  by  smaller  or  larger  branches  on  the  dorsal 
surface  of  the  rib,  between  the  rib-neck  and  the  front  of  the 
transverse  process;  these  ante-neural  junctions  are  the  chief 
regular  communications,  but  others  occur  more  irregularly  and 
opistho-neurally.  The  chief  radical  anastomoses  of  the  ventro- 
lateral branches  is  precostal.  Each  ventro-lateral  artery  gives 
oif  also  a  larger  or  smaller  lateral  branch  close  to  the  exit  of  the 
lateral  spinal  nerve,  which  is  superficial  in  its  distribution. 

Each  dorso-lateral  artery  in  the  thoracic  and  lumbar  region 
having  communicated,  although  by  very  minute  vessels,  with  its 
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preceding  and  succeeding  segmental  representative,  divides  into 
internal  and  external  branches,  the  former  being  the  lateral 
spinal,  which  ends  in  the  inter-metameric  anterior  and  posterior 
spinal  anastomoses ;  the  latter  ends  in  the  dorso-lateral  muscles. 
Each  ventro-lateral  branch  in  the  thoracic  and  anterior  four 
lumbar  segments  of  man,  pursues  also  a  uniform  course,  having 
a  very  small  precostal  anastomosis  and  a  fairly  uniform 
segmental  distribution. 

The  parietal  branch  belonging  to  the  lower  cervical,  lower 
lumbar,  and  upper  sacral  segments  are  much  disturbed  in  their 
simplicity  by  the  development  of  the  limbs.  As  these  arise  by 
the  consolidation  of  ventro-lateral  appendages  derived  from 
several  segments,  so  each  limb  primarily  receives  vessels  as  it 
receives  nerves  from  several  metameric  trunks ;  but,  coincidently 
with  the  reduction  of  the  basipterygium  to  a  single  rod  we 
have  a  corresponding  reduction  of  the  main  arteries  to  a  single 
or  at  most  a  double  trunk,  which,  in  accordance  with  a  well- 
known  law  of  vascular  distribution,  runs  along  that  side  of  the 
limb  which  is  the  least  exposed  to  pressure,  and  least  liable  to 
alteration  in  length  in  the  course  of  accustomed  movement. 
The  vessels  which  become  enlarged  to  supply  the  limbs  are  the 
lateral  branches  of  the  ventro-lateral  trunks ;  we  have  seen  that 
there  are  such  branches,  although  extremely  minute  in  all 
segments,  but  they  are  specially  large  in  such  segments  as  have 
contributed  to  the  formation  of  the  limbs. 

The  parietal  branch  of  the  last  cervical  segment  is  the  trunk 
subclavian,  arising  from  the  dorsal  aorta,  above  the  point  where 
fusion  into  a  single  trunk  ceases,  and  as  these  constitute  the 
chief  blood  supply  of  the  fore-limbs  they  are  commensurately 
large.  Each  gives  off  as  its  postero-lateral  branch  the  cerviccdis 
profunda,  and  these,  like  their  serial  homologues,  pass  backwards 
and  give  off  lateral  spinal  branches  inwards,  and  muscular 
branches  outward. 

Owing  to  the  alteration  in  the  dorsal  aorta  consequent  on  the 
retrocession  of  the  heart,  the  trunk  parietal  artery  for  the  first 
thoracic  segment  is  obsolete  at  its  root,  but  this  is  compensated 
for  by  the  development  of  a  large  precostal  anastomosis  from 
the  preceding  trunk,  which,  on  the  principle  that  '*  to  him  that 
hath  shall  be  given,"  not  only  thus  supplies  the  appended  limb, 
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bub  by  this  channel  forms  the  functional  root  of  the  first, 
sometimes  also  (by  the  enlarging  of  the  second  precostal 
intermetameric  anastomosis),  of  the  second  intercostal  arteries, 
the  whole  distributional  system  arising  from  this  anastomotic 
root  being  named  the  superior  intercostal  artery.  It  is  rare  to 
find  a  direct  union  of  this  vessel  with  the  aorta,  but  I  have 
twice  seen  it  to  arise  therefrom  on  the  left  side,  and  once 
from  the  bifurcation  of  the  arteria  innominata,  that  is  from  the 
right  aorta.  Tracing  the  subclavian  trunk  a  little  further 
forward,  it  terminates  at  the  inner  edge  of  the  scalenus  anticus 
muscle.  Its  posterior  medio-ventral  anastomotic  branch  passes 
backwards  as  the  internal  mammary,  its  lateral  branch  pierces 
the  scaleni,  the  cervical  equivalents  of  the  intercostal  muscles 
as  the  so-called  second  stage  of  the  subclavian  artery,  which 
is  thus  morphologically  difierentiable  from  the  first  stage. 

In  the  more  anterior  cervical  region,  the  vascular  system  of 
the  component  segments  is  necessarily  much  modified.    The 
metameric  arches  are  displaced  backwards,  and  the  portion  of 
the   dorsal  aorta  from  which  the  parietal  vessels  should  arise, 
the  IhicttLS  BotcUii,  is  obliterated,  hence  the  blood  supply  must 
be  provided  for  by  anastomosis.     To  this  end  a  large  retro-costal 
intersegmental  anastomosis  ascends  from  the  root  of  the  parietal 
vessel  of  the  last  cervical  segment ;  this  enters  the  interspace 
between  the  sixth  and  seventh  cervical  segment,  and  is,  in  the 
young  foetus,  placed  at  its  origin  at  this  level ;  but  as  the  heart 
recedes  and  pulls  all  the  cervical  vessels  downwards,  its  root 
becomes  displaced  ventrad  of  the  seventh  cervical  rib  (anterior 
root  of  the  seventh  cervical  transverse  process).    This  large 
anastomotic  trunk  ascends  retro-costally  but  ante-neurally,  giving 
ofT  at  each  segment  lateral  spinal,  and  muscular  branches  pre- 
cisely in  series  with  those  of  the  trunk  segments.     This  trunk 
vessel  is  the  vertebral  artery,  the  Brst  stage  of  which  is  the 
portion  due  to  cardiac  displacement,  the  second  stage  being  the 
regular  intersegmental  union. 

On  reaching  the  first  cervical  segment,  the  continuous  anasto- 
mosis is  interrupted,  so  the  whole  vessel  here  divides  into  the 
two  proper  to  the  segment,  a  muscular  outgoing,  and  a  large 
lateral  spinal  ingoing,  which,  like  its  predecessors,  turns  inwards 
to  the  spinal  cord,  ventrad  of  the  spinal  nerve,  which,  owing  to 
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its  large  size,  it  overlaps ;  hete  it  joins  the  two  longitudinal 
anastomoses,  the  posterior  or  posterior  spinal,  which,  from  its 
disproportionate  size,  looks  like  a  branch  of  this  lateral  spinal 
Btem,  and  the  anterior  or  median  or  basilar,  which  is  the  con- 
tinuation forwards  of  the  anterior  spinal  system,  the  lozenge- 
shaped  space  from  between  the  basilar  and  the  anterior  spinal 
being  an  island, similar  to  which  I  have  thirteen  times  seen  similar 
islands  bounded  by  divisions  and  reunions  of  the  basilar  trunk. 

It  is  thus  interesting  to  see  how,  in  the  course  of  the  vertebral 
artery,  we  have  so  diverse  morphological  elements  represented, 
the  retrocostal,  intersegmental  anastomosis  constituting  its  first 
and  second  stages,  and  the  large  lateral  spinal  branch  of  the 
first  cervical  segment  constituting  its  third  and  fourth  stages. 
Thus  we  have  the  complete  system  of  durso-lateral  branches  for 
the  cervical  segments  provided  in  the  absence  of  a  dorsal  aorta. 

When  we  take  into  consideration  the  varieties  of  position  and 
course  of  the  vertebral  artery  in  man,  and  its  apparently 
discrepant  relations  in  elasmobranch,  teleost,  reptile,  and  bird, 
we  find  that  this  view  of  its  nature  enables  us,  in  the  simplest 
manner,  to  explain  all  its  variations,  and  makes  us  understand 
why  this  system  should  be  so  prolific  in  varieties. 

The  ventro-lateral  parietal  branches  of  the  cervical  segments 
are  also  united  by  a  continuous  precostal  anastomosis,  not  far 
from  where  their  origins  had  originally  been  from  the  now 
obliterated  aortic  trunk ;  this  anastomosis  constitutes  the  thyroid 
axis  and  cervicalis  ascendens,  from  which  the  modified  ventro- 
parietal  branches  start.  These  are  chiefly  remarkable  as  giving 
off  lateral  branches,  which  contribute  their  quota  to  the  nutrition 
of  the  limbs,  as  the  suprascapular  and  posterior  scapular  ;  their 
parietal  branches  are  small ;  the  posterior  branch  of  the  former 
and  the  superficial  cervical  branch  of  the  latter  are  the  continued 
parietal  branches  of  these  two  trunks. 

With  the  condensation  of  the  anterior  segments  which  takes 
place  in  the  formation  of  the  skull,  all  distinct  vascular  meta- 
merism is  lost,  and  the  anterior  segmental  arches  become  dis- 
placed backwards  or  obliterated.  The  common  and  external 
carotids  are  the  continuations  of  the  ventral  aorta,  whila  the 
root  of  the  internal  carotid  is  the  altered  relic  of  the  third  arch, 
and  the  ascending  continuation  of  that  vessel  is  the  upper  part 
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of  the  dorsal  aorta.    The  length  of  the  carotids  is  secondary,  as 
is  the  length  of  the  neck  upon  which  it  depends. 

In  the  region  of  the  oral  and  pre-oral  visceral  clefts,  the 
branches  of  the  stem  arteries  are  distributed  in  superficial  and 
deep  branches  to  the  ventral  parts  of  each  inter-fissural  tract  of 
tissue ;  thus  to  the  infra-hyoidean  region  we  have,  as  superficial 
and  deep  branches,  the  superior  thyroid  and  superior  laryngeal 
arteries;  to  the  supra-hyoidean  we  have  the  hyoidean  artery, 
and  more  deeply  the  lingual ;  to  the  mandibular  region  we  have 
superficially  the  facial,  deeply  the  ascending  palatine  artery ;  to 
the  maxillary  lobe  we  have  externally  the  transverse  facial,  inter- 
nally the  internal  maxillary,  to  the  fronto-basal  lobe  we  have  the 
temporal. 

None  of  these  branches  are  the  vessels  of  visceral  arches ;  they 
are  secondary  medio-ventral  anastomoses,  uniting  the  widely 
separated  representatives  of  the  ventral  aortic  trunks.  The  only 
carotid  branches  which  in  any  measure  represent  rudimental 
arcades  are  the  occipital  and  posterior  auricular  arteries. 

The  cervical  dorsal  aortic  (internal  carotid)  has  only  rudi- 
mental branches  in  the  neck,  represented  by  the  intercarotid 
ramuli.  Its  intracranial  continuation  gives  off  three  lateral 
neural  branches,  the  posterior,  middle,  and  anterior  cerebrals 
(the  first  originally  being  a  carotid  branch,  its  root  being  the  so- 
called  posterior  communicating,  but  its  anastomotic  internal 
branch,  which  joins  the  median  anastomosis,  dilates  so  as  to  form 
its  functional  root).  The  ventro-lateral  branches  are  reduced 
and  modified  as  tympanic,  vidian,  receptacular,  and  ophthalmic 
branches.  Upon  all  these  branches  the  characters  of  the 
secondary  alterations  which  the  cranial  segments  have  under- 
gone have  thus  impressed  themselves,  so  as  to  obliterate  all 
traces  of  primitive  segmentation. 


THE  ANATOMY  OF  THE  SHOULDER  AND  UPPER 
ARM  OF  THE  MOLE  {Talpa  JSuropcea).  By  R.  Austin 
Freeman.    (Plate  V.) 

The  increasing  interest  in  Morphological  Science  which  has  of 
late  years  become  manifest  among  scientific  men  has  led  to  the 
careful  examination  of  the  structure  of  a  large  number  of 
individual  forms,  and  to  the  publication  of  detailed  descriptions 
of  their  anatomy. 

These  contributions  to  Anatomical  Science  frequently  contain 
matter  which  in  :itself  is  of  considerable  interest,  and  which,  in 
the  hands  of  the  morphologist,  forms  the  material  for  important 
generalisations. 

It  is  somewhat  curious  that  amidst  this  great  activity  of 
anatomical  research,  one  of  the  most  specialised  and  aberrant, 
although  at  the  same  time  most  archaic,  of  our  British  mammals 
should  have  been  passed  over  in  comparative  silence,  and  the 
more  so  as  the  difficulty  of  obtaining  specimens  for  examination 
is  BO  very  slight.  It  is  true  that  notices  of  the  anatomy  of  the 
mole  have  from  time  to  time  appeared,  but,  as  none  of  them  have 
dealt  in  a  detailed  manner  with  the  subject  of  this  paper,  it  is 
unnecessary  to  enumerate  them  here.^ 

The  most  obvious  peculiarities  in  the  anatomy  of  this  animal 
are  those  which  have  relation  to  the  immense  development  and 
singular  displacement  of  the  anterior  limbs,  and  it  is  to  the  dis- 
cussion of  these  that  I  propose  to  devote  the  present  paper ;  the 
forearm  has  already  been  treated  at  some  length  in  the  pages  of 
this  Journal  by  Mr  D'Arcy  W.  Thompson  (vol.  xviii.  p.  406),  and 
I  shall  therefore  confine  my  remarks  to  the  proximal  portion 
of  the  limb. 

Following  the  usual  order  of  anatomical  description  we  first 
proceed  to  the  consideration  of  the  bones. 

Osteology, — The  shoulder-girdle  of  the  adult  mole  is  composed 
of  two  bones,  the  scapula  and  the  so-called  clavicle. 

*  In  Mr  Bobson's  beautiful  Monograph  of  the  Itisectivora  a  very  excellent 
description  is  given  of  the  nearly  related  form  Condylura  cristataf  together  with 
some  notes  upon  TaljHi  europcea. 
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The  Scapvia, — This  is  extremely  narrow,  and  somewhat  pris- 
matic in  shape,  its  vertebral  border  being  only  one-sixth  of  the 
length  of  the  axillary  border;  the  mesoscapular  spine, at  no  part 
prominent,  is  in  its  middle  third  almost  obliterated;  at  its 
vertebral  extremity  a  blunt,  somewhat  conical  process  (a)  (6g.  1) 
is  produced,  the  principal  purpose  of  which  appears  to  be  to 
afiford  a  surface  for  the  attachment  of  the  posterior  division  of 
the  trapezius.  At  its  glenoid  extremity  the  spine  expands  into 
a  broad  and  thick,  but  stunted  acromion  (b),  at  the  extremity  of 
which  may  be  seen  two  well  marked  facets  for  the  strong 
acromio  clavicular  ligament  and  acromial  portion  of  the  sub- 
clavius  respectively. 

The  supraspinous  fossa,  in  the  glenoid  half  of  the  bone,  appears 
merely  as  a  shallow  groove  on  the  anterior  surface  of  the 
acromion,  but  in  the  vertebral  half  (c)  it  is  of  fair  extent  The 
infraspinous  fossa,  of  much  less  extent  than  the  preceding,  is 
almost  absent  in  the  middle  third  of  the  bone,  being  continuous 
with  and  almost  indistinguishable  from  the  axillary  border.  It 
exists  as  a  broad  but  shallow  groove  behind  the  acromion ;  and 
at  its  vertebral  extremity  it  forms  a  deep  fissure  (d)  which  is 
overhung  by  the  spine. 

The  axillary  border  presents  near  the  angle  a  large  triangular 
somewhat  rough  surface  limited  internally  by  a  sharp  ridge; 
the  surface  affords  origin  to  the  large  and  powerful  teres  major. 

At  the  glenoid  extremity  of  this  border  is  a  wide  concave 
surface,  on  the  inner  or  vertebral  margin  of  which  is  a  small 
tubercle  (fig.  2,  a)  supporting  a  facet  for  the  origin  of  the  biceps. 
The  outer  or  dorsal  margin  of  this  surface  is  formed  by  a  slight 
ridge  which,  proceeding  upwards,  crosses  obliquely  the  infra- 
spinous fossa  and  intersects  the  spine  about  its  middle.  This 
ridge  limits  anteriorly  the  extensive  origin  of  the  long  head  of  the 
triceps,  which  occupies  the  whole  of  the  surface  abov^e  described. 

The  anterior  border  at  its  glenoid  extremity  is  almost  indis- 
tinguishable from  the  supraspinous  fossa  with  which  it  blends, 
but  above  it  is  thin  and  sharp  excepting  near  the  angle,  where 
it  widens  out  to  form  a  somewhat  oval  concave  surface  for  the 
insertion  of  the  levator  anguli  scapulsB. 

The  vertebral  or  suprascapular  border  is,  in  its  anterior  two- 

irds,  comparatively  thin,  and  bears  on  its  ventral  aspect  two 
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email  facets,  the  more  anterior  (fig.  2,  h)  of  which,  narrow  and 
elongated,  gives  attachment  to  the  anterior  trapezius,  whilst  the 
posterior  (fig.  2,  c),  which  is  oval  and  concave,  marks  the  insertion 
of  the  serratus  magnus. 

In  its  posterior  third  the  vertebral  border  widens  out  greatly, 
forming  a  wide  surface  which  affords  attachment  to  the  teres 
major,  posterior  trapezius,  serratus  magnus,  and  rhomboideus. 

The  subscapular  fossa  is  as  such  confined  to  the  vertebral  half 
of  the  bone,  the  ventral  aspect  of  the  glenoid  half  being  occupied 
by  a  prominent  ridge ;  this  ridge  (fig.  2,  d)  supports  the  bicipital 
impression  and  extends  to  the  margin  of  the  glenoid  cavity. 

The  glenoid  cavity  is  elongated  and  deeply  concave,  its  long 
diameter  being  placed  obliquely  to  the  vertical  plane  of  the  bone, 
an  arrangement  which  is  rendered  necessary  by  the  position  in 
which  the  humerus  is  carried.  There  is  a  small  facet  on  what 
would  be,  if  the  glenoid  cavity  had  its  usual  direction,  the  anterior 
margin ;  this  marks  the  scapular  attachment  of  the  glenohumeral 
ligament.  There  is  no  coracoid  process,  a  fact  which  is  suffi- 
ciently explained  by  the  composite  nature  which  Professor  Parker 
ascribes  to  the  so-called  clavicle. 

The  clavicle,  or  more  properly  speaking  the  coraco-clavicle,  is 
a  curious  irregular  little  bone  which  articulates  with  the 
humerus  and  the  presternum  but  not  with  the  scapula. 
'  On  its  outer  aspect  is  an  oval  or  saddle-shaped  surface 
(fig.  3,  a)  for  articulation  with  a  corresponding  surface  on  the 
humerus,  and  its  inner  aspect  is  occupied  by  a  narrower  concave, 
somewhat  reniform  surface  (fig.  4,  a)  for  articulation  with  the 
presternum. 

The  anterior  surface  is  deeply  concave  from  side  to  side  but 
convex  vertically,  especially  at  its  upper  part,  where  it  turns 
over  and  merges  into  the  posterior  surface.  The  sides  of  the 
concavity  are  produced  into  ridges  which  afford  attachment  to 
muscles  and  the  external  ridge  widens  out  below  into  a  triangu- 
lar surface  (fig.  4,  V)  which  gives  origin  to  a  portion  of  the 
deltoid.  The  posterior  surface  is  limited  above  by  an  obliquely 
transverse,  rounded  ridge  produced  by  the  folding  over,  so  to 
speak,  of  the  superior  margin ;  below  this  is  a  concave  surface 
of  quadrilateral  form  (fig.  3,  6),  in  which  some  fibres  of  pectoralis 
minor  are  inserted. 
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The  ventral  surface  is  mainly  occupied  by  a  prominent 
obliquely  truncated  conical  process  (figs.  3  and  4,  c\  which  is 
directed  ventrally  and  inwards;  on  its  inner  aspect,  near  the 
free  extremity,  is  a  rough  surface  which  gives  attachment  to 
the  pectoralis  minor,  and  at  its  base,  at  the  junction  of  the 
anterior  and  ventral  surfaces,  is  a  minute  foramen  (fig  4,  d),  which 
Professor  Parker  believes  to  represent  the  coracoid  fenestra. 

The  Stenium. — The  Tuanvhrium  is  of  very  large  size  and  greatly 
produced  anteriorly,  its  length  being  nearly  equal  to  that  of  the 
mesosternum  and  xiphi  sternum  together.  It  is  considerably 
expanded,  especially  at  its  middle  part,  and  on  its  ventral  aspect 
is  produced  a  very  prominent  ridge  or  keel,  which  when  viewed 
in  profile  is  seen  to  have  somewhat  the  form  of  the  lateral  half 
of  a  coffin  lid.  The  free  edge  of  that  portion  of  the  keel  which 
lies  behind  the  angle  or  promontory  is  thin  and  sharp,  excepting 
where  it  widens  out  to  form  part  of  the  articular  surface  for  the 
mesosternum ;  in  front  of  the  promontory  the  edge  is  thick  and 
rounded  and  expands  anteriorly  to  support  the  articular  surfaces 
for  the  coraco-clavicles.  The  promontory  itself  supports  a 
tubercle  which  gives  origin  to  a  portion  of  the  pectoralis 
major. 

The  anterior  surface,  which  looks  somewhat  dorsally,  is 
triangular  in  shape,  the  apex  pointing  upwards  and  backwards ; 
it  is  convex  both  from  side  to  side  and  From  above  downwards, 
and  is  traversed  by  a  median  longitudinal  ridge.  The  convex 
surfaces  on  either  side  of  this  ridge  form  the  articular  surfaces 
for  the  coraco-clavicles,  and  the  ridge  itself  gives  attachment  to 
some  of  the  fibres  of  the  anterior  sternoclavicular  ligament. 

Viewed  from  the  dorsal  aspect  the  manubrium  is  seen  to  be 
produced  laterally  into  a  pair  of  somewhat  triangular  alae  (fig. 
6,  a)  behind  which  the  bone  is  rather  narrow ;  at  the  posterior 
end  is  a  thickened  mass  (&)  which  carries  the  surface  for  articu- 
lation with  the  mesosternum. 

The  space  between  the  alae  (that  is,  the  anterior  three-fifths  of 
the  dorsal  surface)  is  occupied  by  a  deep  groove  (c),  which,  com- 
mencing anteriorly  in  the  middle  line,  deviates  considerably,  as 
it  proceeds  backwards,  to  the  right  side.  In  the  floor  of  this 
groove,  at  about  its  middle,  is  a  small  foramen  (rf),  which  pierces 
the  root  of  the  left  ala. 
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The  Brst  rib  articulates  with  the  presternum,  but  there  is  no 
discernible  facet  for  its  reception. 

The  Tnesostemum  consists  of  four  pieces,  of  which  the  two 
posterior  are,  in  the  adult,  immovably  ankylosed. 

The  xiphisternum  is  narrow  and  pointed,  and  supports  at  its 
extremity  a  broad  leaf-like  cartilaginous  expansion. 

The  sternum  is  directly  connected  with  eight  ribs,  of  which 
the  two  posterior  unite  at  their  sternal  ends  and  together  are 
received  into  the  space  between  the  meso-  and  xiphisternum. 

The  Humerus. — This  bone  is  extremely  short,  broad,  and 
flattened,  and  the  muscular  impressions  on  it  are  mostly  very 
pronounced. 

The  upper  part  of  the  anterior  i  surface  is  occupied  by  a  large 
concave  rhomboidal  surface  (fig  7,  a),  which  marks  the  insertion 
of  the  deltoid.  At  its  lower  angle  is  a  rough  triangular  surface 
(fig.  7, 1)  for  the  insertion  of  a  part  of  the  complex  pectoralis 
major,  and  at  its  inner  angle  is  a  deep  notch  {c)  continued  down- 
wards for  a  short  distance  into  a  shallow  groove  {d)  \  this  is  the 
lower  portion  of  the  bicipital  groove. 

The  upper  external  border  of  this  space  is  formed  by  a  slight 
groove  which  separates  it  from  a  broad,  smooth,  convex  surface 
which  articulates  with  the  coraco-clavicle. 

Below  the  bicipital  notch  is  a  very  prominent  outstanding 
process  (fig.  7,  e)  bearing  two  distinct  impressions,  for  the  teres 
major  and  latissiraus  dorsi  respectively. 

At  the  base  of  the  internal  condyle  Js  a  deep  circular  pit  (/) 
which  gives  origin  to  the  powerful  ligamentous  flexor  sublimis 
digitorum  ;  the  pronator  ridge  is  thin,  sharp  and  very  prominent, 
and  is  produced  above  into  a  pointed  process  {g).  There  is  a 
large  supra-condylar  canal,  the  lower  opening  of  which  (A)  is  on 
the  anterior  aspect  of  the  bone. 

The  external  condyle  is  drawn  out  into  a  styliform  process  (i) 
of  considerable  length,  which  points  upwards  and  slightly  out- 
wards, and  at  its  base  is  seen  the  almost  hemispherical  capitellum 
(y).  At  the  summit  of  the  bone  is  the  superior  opening  of  the 
bicipital  canal  Qc). 

^  For  the  sake  of  convenience  in  description  the  bone  is  supposed  to  be  placed 
as  in  the  figures,  although  this  is  by  no  means  its  natural  position  in  the  animal 
(sec  movements  of  the  limb). 
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Turning  now  to  the  posterior  aspect  of  the  bone  we  notice 
that  the  head  (fig.  8,  a)  is  very  prominent  and  vertically 
elongated,  that  it  looks  directly  backward,  and  that  it  is  not 
placed  at  the  superior  extremity  of  the  bone,  but  that,  projecting 
considerably  above  it  on  its  inner  side,  is  a  ridge  (fig.  8,  h)  which 
represents  the  inner  tuberosity. 

External  to  the  head  is  the  smooth  articular  surface  for  the 
coraco-clavicle  (fig.  7,  /,  and  fig.  8,  c),  upon  which  and  close  to 
the  head  is  a  small,  shallow  depression  which  marks  the 
insertion  of  the  supraspinatus  ;  this  surface  is  limited  inferiorly 
by  a  jagged  irregular  ridge  (d),  at  the  outer  end  of  which  is  a 
hook-like  prooess  (e)  bearing  a  facet  for  the  infraspinatus.  The 
articular  surface  above  described  represents  the  outer  tuberosity. 

Close  to  the  outer  side  of  the  head  is  a  shallow  groove  which 
lodges  the  gleno-humeral  ligament,  and  internal  to  the  head  is  a 
deeper  groove  for  the  attachment  of  a  thickened  band  of  the 
capsular  ligament. 

Internal  to  and  somewhat  above  the  head  is  a  ridge  (/)  which 
overhangs  the  bicipital  groove,  and  upon  which  is  an  impression 
for  a  part  of  the  pectoralis  major. 

The  bicipital  groove  is  very  curiously  modified,  being,  in  its 
upper  part,  converted  into  a  complete  bony  canal  which  com- 
mences at  the  summit  of  the  bone  (^),  and  passing  downwards 
and  inwards  for  about  ^  in.  opens  out  into  a  groove  (fig.  8,  h) 
which  terminates  at  the  notch  before  spoken  of. 

Another  very  curious  condition,  which  occurs  in  the  upper 
part  of  the  bone,  is  a  large  cavity  (i),  somewhat  similar  to  that 
found  in  the  humeri  of  birds.  This  cavity  is  conical  in  shape 
and  excavates  the  upper  portion  of  the  bone  so  extensively  as  to 
convert  it  into  a  mere  shell,  the  walls  of  which  are  comparatively 
thin  and  in  some  places  quite  translucent. 

The  inner  tuberosity  bears  two  very  distinct  facets,  which 
mark  the  insertions  of  the  subscapularis. 

The  olecranon  fossa  is  very  deep,  bub  there  is  no  intercondylar 
foramen ;  at  the  apex  of  the  fossa  is  a  foramen  (j)  large  enough  to 
admit  a  very  coarse  bristle  (in  some  bones  there  are  two  somewhat 
smaller  ones),  which  opens  directly  into  the  medullary  cavity. 

The  trochlear  surface  (k)  is  placed  mainly  upon  the  posterior 
aspect  of  the  bone. 
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Ligaments, — If  Professor  Parker's  views  concerning  the  nature 
of  the  bone  usually  called  clavicle  be  correct,  we  must  regard  the 
articulation  between  that  bone  and  the  humerus  as  part  of  the 
true  shoulder-joint  It  is,  however  to  be  observed  that  there 
are  two  separate  synovial  cavities,  that  the  articular  surfaces  on 
the  humerus  are  not  continuous,  and  thnt  the  cavities  of  the 
joints  are  separated  by  ligamentous  partitions. 

The  ligaments  of  the  scapulo-humeral  articulation  are — (1) 
Capsular,  and  (2)  Gleno-humeral. 

1.  The  Capmlar  ligament  presents  nothing  worthy  of  remark 
with  the  exception  of  a  thickening  of  its  substance  on  the  inner 
side  of  the  joint 

2.  Th^  Gleno-huwjeral  ligameTU  is  a  stout,  cord-like  structure 
which  passes  from  a  small  facet  above  the  glenoid  cavity  to  a 
small,  shallow  depression  at  the  lower  and  posterior  portion  of 
the  articular  surface  for  the  coraco- clavicle  close  to  the  head. 

In  its  course  it  lies  within  the  capsule  and  is  separated  from 
the  cavity  of  the  joint  by  the  synovial  membrane  only. 

In  addition  to  these  structures  the  tendons  of  the  supra* 
spinatus  and  biceps  exercise  ligamentous  functions. 

The  tendon  of  the  supraspinatus  is  broad  and  thick  and  is 
inserted  into  a  small  impression  between  the  articular  surfaces 
for  the  scapula  and  coraco-clavicle;  it  thus,  becoming  intimately 
adherent  to  the  capsules  of  both  joints,  forms  a  strong  partition 
between  them. 

The  influence  of  the  tendon  of  the  biceps  upon  the  movements 
of  the  limb  is  fully  discussed  in  the  section  of  this  paper  which 
is  devoted  to  the  actions  of  the  muscles,  but  it  may  be  here 
stated  that  when  the  muscle  is  at  rest  the  tendon  will  pro- 
bably function  as  a  ligament,  steadying  the  humerus,  holding 
it  in  apposition  with  the  scapula  and  limiting  its  external 
rotation. 

The  claviculo-humeral  joint  possesses  a  capsular  ligament,  the 
anterior  portion  of  which  becomes  considerably  thickened,  being 
converted  into  a  broad  sheet  of  strong  vertical  fibres,  which  are 
inserted  into  a  groove  at  the  anterior  margin  of  the  articular 
surface  on  the  humerus. 

The  a^omio-clavicular  ligameyU, — This  very  thick  and  strong 
band  of  fibres  proceeds  from  the  anterior  of  the  two  facets 
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on  the  acromion  to  a  small  flat  surface  on  the  posterior  margin 
of  the  outer  surface  of  the  coraco-clavicle.  At  about  its  middle 
it  receives  the  insertion  of  a  part  of  the  subclavius. 

The  sterna-clavicular  articulation, — The  coraco-clavicle  is  bound 
to  the  presternum  by  two  ligaments,  one  of  which,  placed  on 
the  anterior  and  dorsal  aspect  of  the  joint,  is  of  considerable 
strength.  Its  fibres,  which  arise  from  the  anterior  margin  of  the 
internal  surface  of  the  coraco-clavicle,  proceed,  some  of  them  to 
the  head  of  the  presternum,  others  to  the  bone  of  the  opposite 
side.  It  therefore  agrees  closely  with  the  interclavicular  liga- 
ment of  human  anatomy. 

T?ie  posterior  sterno-clavicular  ligament  is  a  comparatively 
thin  sheet  of  fibres  which  extends  from  the  posterior  margin  of 
the  articular  surface  of  the  coraco-clavicle  to  the  corresponding 
margin  of  the  articular  surface  of  the  presternum.  There  is  no 
interarticular  fibro-cartilage  in  this  joint,  but  that  structure  is 
probably  represented  by  the  plate  of  cartilage  which  covers  the 
articular  surface  of  the  coraco-clavicle,  this  being  what  remains 
of  the  so-called  "fourth  coracoid  segment"  of  Parker,  who 
regards  it  as  constituting  with  its  fellow  "the  moieties  of  a 
highly  modified  omosternum."^ 

The  interscapular  ligaTnent. — This  unique  and  extremely 
interesting  structure  consists  of  a  thick  tendinous  cord  passing 
from  the  base  of  one  scapula  to  that  of  the  other,  its  attachment 
being  nearly  opposite  to  the  spine :  it  is  continuous  anteriorly 
with  the  ligamentum  nuchae;  and  some  of  the  muscles  which 
arise  from  that  structure,  as  e.g.,  splenius,  have  also  an  origin 
from  it  From  its  posterior  surface  in  the  middle  line,  a  band 
of  connective  tissue  passes  backwards  to  the  spine  of  the  third 
or  fourth  dorsal  vertebra,  and  appears  to  be  a  backward  continua- 
tion of  the  nuchal  ligament.  The  interscapular  ligament  affords 
attachment  to  several  muscles — trapezius,  teres  major,  serratus 
posticus  superior  and  dorso-interscapularis,  some  of  which  it 
appears  to  have  considerably  modified. 

It  becomes  a  matter  of  some  diflBculty  to  determine  what  is 
the  nature  of  this  ligament,  for,  that  it  represents  some  structure 
which  exists  in  other  animals  there  can  be  little  doubt.  Some' 
light  seems  to  be  thrown  upon  the  subject  by  the  following  facts : 

^  Monograph  on  the  Shoulder-girdle  and  Sternum,  Ray  Soc,  1868. 
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— (a)  the  vertebral  spines  are  almost  completely  absent  from 
the  third  cervical  to  the  tenth  dorsal;  (b)  the  interscapular 
ligament  is  in  intimate  relation  with  the  ligamentum 
nuchae,  as  well  as  with  some  of  the  muscles  which  arise  from 
it;  (c)  an  ossification  has  long  been  known  to  exist  in  the  latter 
structure  in  the  cervical  region ;  (d)  certain  muscles  are  pro- 
foundly modified  by  their  relation  to  the  interscapular  ligament 

These  facts  appear  to  bear  upon  the  subject  in  the  following 
manner :  the  abortion  of  the  dorsal  spines  explains  the  existence 
of  the  ligamentum  nuchas,  or  rather  its  backward  continuation, 
in  the  dorsal  region,  and  the  intimate  relation  of  the  ligamentum 
nuchse,  with  the  interscapular  ligament,  implicates  the  latter  in 
the  changes  which  have  occurred.  The  abortion  of  the  vertebral 
spines,  together  with  the  ossification  in  the  nuchal  ligament, 
seems  to  indicate  that  the  latter  structure  may  possibly  consist, 
not  merely  of  separated  iuterspinous  ligament,  but  also  of  the 
detached  spinous  elements  of  some  of  the  vertebrae,  and  this 
conjecture  is  rendered  more  probable  by  the  circumstance  that 
the  so-called  "nuchal  style"  commences  abruptly  immediately 
behind  the  prominent  spine  of  the  axis.  The  most  important 
of  the  muscular  modifications  above  referred  to  occurs  in  con- 
nection with  the  serratus  posticus  superior.  This  muscle  arises 
from  the  anterior  surface  of  the  interscapular  ligament  and 
proceeds  to  its  usual  insertion,  whilst,  arising  from  the  rudi- 
mentary spines  of  the  fourth  and  fifth  dorsal  vertebrae,  and  from 
the  backward  prolongation  of  the  ligamentum  nuchae  is  a  small 
triangular  muscle,  which  I  have  called  dorso-interscapularis,^ 
which  is  inserted  into  the  outer  two-thirds  of  the  posterior 
surface  of  the  interscapular  ligament,  and  which  is  separated 
from  its  fellow  near  its  insertion  by  a  small  triangular  interspace 
which  is  filled  by  the  ligamentum  nuchae. 

If  it  be  assumed  that  the  interscapular  ligament  has  been 
produced  by  the  metamorphosis  of  the  spinous  elements  of  some 
of  the  vertebrae,  or  by  an  outgrowth  of  the  ligamentum  nuchae, 
it  would  seem  that  the  region  in  which  the  changes  have  occurred 
corresponds  with  the  origin  of  the  serratus  posticus  superior,  and 

^  This  muscle  is  called  rhomboideus  posticus  by  Dr  Dobson,  whose  views  con- 
cerning its  morpholo^'cRl  nature  are  snmewhat  different  from  those  above  given. 
Fide  A  Monograph  of  the  Inseetiwra,  part  ii 
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that  the  mass  of  changed  tissue,  extending  outwards  through 
the  substance  of  the  muscle,  has  cut  off,  so  to  speak,  its  postero- 
internal angle,  which  has  persisted  as  a  separate  muscle  in  the 
position  which  it  now  occupies. 

Myology. — The  muscles  of  the  anterior  limb  are,  as  would  be 
anticipated,  extremely  well  developed,  and  present  several 
interesting  deviations  from  the  conditions  most  commonly  found 
in  mammals. 

We  shall  first  consider  the  muscles  which  pass  from  the  trunk 
to  the  limb  and  limb  girdle. 

Pectoralis  Major. — ^This  muscle  is  not  only  of  very  large  size,  but 
is  split  up  into  a  number  of  remarkably  distinct  fasciculi  which 
may  be  conveniently  distinguished  by  attaching  numbers  to  thenL 

The  posterior  superficial  mass  (P.M.  1,  fig.  9)  is  of  large  size,  and 
evidently  corresponds  with  the  sternal  portion  of  human 
anatomy ;  it  arises  the  whole  length  of  the  sternum,  behind  the 
promontory  of  the  manubrium,  including  the  expanded  xiphoid 
cartilage  and  from  all  the  sternal  ribs.  From  this  origin  its 
fibres  converge  towards  the  crest  (fig.  8,  b.)  aoove  the  bicipital 
groove,  where  they  are  inserted  without  having  become  tendinous. 
As  it  approaches  its  insertion,  however,  this  portion  of  the 
muscle  becomes  covered  with  a  layer  of  glistening  tendinous 
fibres.  At  its  anterior  border  is  placed  a  flattish,  fusiform 
fasciculus  (P.M.  2,  fig.  9),  which  arises  from  the  promontory  of 
the  presternum,  and  is  inserted  into  the  same  portion  of  the 
humerus.  Anterior  to  this,  and  separated  from  it  by  a  small 
interspace,  is  a  narrow  fasciculus  (P.M.  3)  arising  from  the  head 
of  the  manubrium  and  passing  outwards  to  be  inserted  into  the 
angle  above  the  bicipital  notch.  In  front  of  this  is  a  somewhat 
large  quadrilateral  piece  (P.M.  4),  which  has  no  sternal  or  costal 
origin  but  arises  from  a  median  sheet  of  connective  tissue  which 
is  interposed  between  it  and  its  fellow  of  the  opposite  side.^  It 
is  inserted  into  the  whole  length  of  the  outer  bicipital  ridge  and 
into  the  triangular  surface  at  the  lower  angle  of  the  rhomboidal 

^  This  condition  of  the  poctoral  muscles  is  of  considerable  interest  in  con- 
nection with  the  opinion  expressed  by  Miss  Lindsay  in  a  paper  read  at  the 
Zoological  Society  on  June  16,  1886,  that  the  sternal  keel  of  carinate  birds  ''is 
an  outgrowth  of  the  sternum  of  comparatively  late  phylogeoetic  date,  and  created 
for  and  by  the  attachment  of  the  pectoral  muscles." 
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space.  The  two  muscles,  when  in  action,  mast  pull  against  one 
another,  since  they  have  no  central  bony  attachment.  They  are 
probably  homologous  with  the  "  clavicular  portion  "  of  human 
anatomy. 

Upon  reflecting  the  sternal  portion  of  the  muscle  (P.  1)  there 
is  seen,  underlying  it,  a  very  distinct  fasciculus  (P.  5)  which 
arises  from  the  posterior  three-fourths  of  the  crest  of  the  manu- 
brium and  from  the  second  rib.  It  is  inserted  into  the  posterior 
surface  of  the  inner  tubero8ity,^becoming  covered,  as  it  approaches 
its  insertion,  with  a  layer  of  tendinous  fibres.  Behind  this  is  a 
somewhat  larger  mass  (P.  6),  which  arises  from  the  second 
and  third  sternal  ribs  and  blends  more  or  less  with  the 
first  part  (P.  1)  at  its  insertion.  A  seventh  fasciculus, 
small  and  narrow  (P.  7),  takes  origin  from  the  promontory 
of  the  presternum  and  is  inserted  into  the  angle  above  the 
bicipital  notch  a  little  above  the  insertion  of  the  third  fasciculus. 
Fectoralis  minor  is  of  medium  size  and  arises  from  the  anterior 
half  of  the  keel  of  the  presternum  and  by  a  small  tendinous  slip 
from  the  first  sternal  rib.  It  is  inserted  into  the  ventral  surface 
of  the  coraco-clavicle. 

SvJbdaviuB. — This  muscle,  which  is  of  large  size,  arises  from  the 
whole  length  of  the  dorsal  surface  of  the  presternum  on  either 
side  of  the  median  groove,  as  well  as  from  the  greater  part  of 
the  anterior  surface  of  the  first  rib ;  it  fills  up  to  a  great  extent 
the  large  space  which  intervenes  between  the  first  rib  and  the 
coraco-clavicle.  Arriving  at  the  anterior  portion  of  this  space, 
the  muscle  separates  into  two  parts,  each  of  which  ends  in  a 
tendon.  The  more  internal  of  these  divisions  proceeds  to  the 
outer  third  of  the  dorsal  margin  of  the  coraco-clavicle  as  well  as 
to  the  adjacent  part  of  the  anterior  surface,  whilst  the  more 
internal  of  the  two  is  inserted  into  the  anterior  surface  of  the 
short  acromion  and  into  the  acromio-clavicular  ligament. 

Trapezius. — This  consists  of  two  thin  and  slender  muscles 
which  are  entirely  separate  both  in  their  origin  and  insertions ; 
the  anterior  arises  from  the  outer  two-thirds  of  the  superior 
curved  line  of  the  occipital  bone  and  is  inserted  into  the  dorsal 
lip  of  the  vertebral  border  of  the  scapula  in  the  supraspinous 
region.  It  lies  at  the  side  of  the  neck,  separated  from  its  fellow 
by  the  rhomboid,  which  overlaps  it  at  its  posterior  end.     The 


212  MR  R.  AUSTIN  FREEMAN. 

posterior  segment,  which  is  a  thin  ligulate  muscle,  arises  from 
the  last  dorsal  and  all  the  lumbar  spines,  by  tendinous  fibres^ 
and  is  inserted  into  the  conical  process  on  the  spine  ot  the 
scapula.  In  close  relation,  externally,  with  this  portion  of  the 
trapezius  is  a  very  thin  and  narrow  ribbon  of  muscle,  the  dorso- 
orbicularis,  which  passes  forwards  to  be  inserted  into  the  skin  of 
the  dorsal  region  just  behind  the  posterior  border  of  the  orbicu- 
laris panniculi. 

Rhorriboideua. — There  is  only  one  rhomboid  muscle,  and  this  is 
probably  the  representative  of  rhomboideus  minor  of  man.  It 
is  a  somewhat  large  muscle,  arising  from  the  ligamentum  nuchse 
and  from  the  curious  little  styliform  bone  which  exists  in  this 
region.  From  this  origin  it  passes  backwards  and  outwards,  and 
becoming  somewhat  twisted  upon  itself,  is  inserted  into  tlie 
vertebral  border  of  the  scapula  in  the  supraspinous  region. 

In  the  posterior  part  of  its  course  it  lies  superficial  to  the 
trapezius,  a  circumstance  which  is  due  to  the  entire  absence  of 
the  central  portion  of  the  latter  muscle  and  the  abnormal 
position  of  the  scapula,  to  which  allusion  has  been  already 
made. 

Laiissimus  dorsi  is  of  rather  large  size  and  consists  of  two 
portions,  which  are  separated  by  a  cellular  interspace.  The 
anterior  portion,  which  is  the  smaller,  arises  from  the  lower  five 
dorsal  and  first  lumbar  spines,  and  passing  forwards  soon  comes 
to  lie  under  cover  of  the  posterior  portion,  with  which  it  blends 
near  its  insertion.  The  posterior  portion  arises  from  the 
remaining  lumbar  spines,  from  the  lumbar  fascia,  and  from  the 
fascia  covering  the  external  oblique;  it  is  aponeurotic  at  its 
origin,  but  soon  becomes  fleshy,  at  the  same  time  becoming 
rapidly  narrower,  as  it  winds  round  the  thorax  to  reach  the 
axilla.  It  terminates  in  a  broad  flat  tendon,  which  unites  to  a 
great  extent  with  that  of  teres  major,  and  the  united  tendons  are 
inserted  into  the  prominent  ridge  below  the  bicipital  groove. 
Although  the  tendons  are  almost  entirely  blended  the  facets  on 
the  bone  for  their  insertion  are  c^viite  distinct,  the  more  anterior 
belonging  to  latissimus  dorsi. 

Serratus  magnus  arises  by  seven  fleshy  digitations  from  seven 
ribs, — the  second  to  the  eighth — near  their  angles,  and  is  inserted 
into  the  oval  facet  on  the  ventral  lip  of  the  vertebral  border  of 
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the  scapula,  the  posterior  part  of  the  border  and  the  interscapular 
ligament. 

Levator  anguli  scapulce,  which  is  nearly  as  large  as  the  serratus 
magnus,  from  which  it  is  separated  by  a  cellular  interspace,  arises 
from  the  transverse  processes  of  the  cervical  vertebrae  from  the 
third  to  the  seventh  inclusive,  and  is  inserted  into  the  oval  sur- 
face at  the  vertebral  end  of  the  anterior  border  of  the  scapula. 

As  the  serratus  posticus  superior  has,  in  the  mole,  an  attach- 
ment to  the  shoulder  girdle,  it  may,  together  with  its  concomitant, 
the  dorso-interscapularis,  be  properly  described  here. 

Serrattcs  posticus  superior  is  a  small  narrow  muscle  which 
arises  from  the  central  portion  of  the  ventral  aspect  of  the  inter- 
scapular ligament,  and  passes  outwards  to  be  inserted  by  two  digi- 
tations  into  the  third  and  fourth  ribs  near  their  vertebral  ends. 

JDorsO'interscapulai'is,  the  nature  of  which  has  been  fully 
discussed  under  the  heading  of  ligaments,  is  a  small  triangular 
muscle  which  arises  from  the  spines  of  the  fourth  and  fifth 
dorsal  vertebrae,  and  from  the  backward  prolongation  of  the 
ligamentum  nuchae,  and  is  inserted  into  the  outer  two-thirds  of 
the  posterior  surface  of  the  interscapular  ligament. 

We  now  proceed  to  consider  the  muscles  which  pass  from  the 
shoulder  girdle  to  the  brachium. 

Deltoid, — This  is  of  comparatively  small  size,  and  owing  to 
this  fact,  to  the  large  size  of  the  great  pectoral,  and  particularly 
to  the  singular  position  of  the  limb,  lies  entirely  under  cover  of 
the  quadrilateral  fasciculus  of  the  pectoralis  major;  it  arises 
from  the  outer  half  of  the  anterior  surface  of  the  coraco-clavicle, 
and  is  inserted  by  fleshy  fibres  into  the  whole  of  the  rhomboidal 
space  on  the  front  of  the  humerus  and  by  tendinous  fibres  at  its 
margins.  It  is  thus  seen  that  the  deltoid  has  no  scapular 
attachment. 

Teres  major, — This  muscle  is  of  enormous  proportions,  being 
perhaps  more  hypertrophied  than  any  of  the  arm  muscles;  it 
arises  from  the  triangular  rough  surface  at  the  posterior  angle  of 
the  scapula,  from  the  upper  two-thirds  of  the  axillary  border, 
from  the  broad  surface  on  the  vertebral  border  by  tendinous 
fibres,  by  a  small  additional  slip  from  the  anterior  portion  of  the 
vertebral  border  and,  lastly,  from  the  interscapular  ligament. 
From  this  somewhat  complicated  origin,  its  fibres  pass  forwards, 
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forming  a  large  fleshy  belly,  which  tends  to  become  more  or  less 
blended  with  surrounding  muscles,  and  terminate  in  a  strong, 
flat  tendon,  which  unites  largely  with  that  of  latissimus  dorsi, 
and  is  with  that  tendon  inserted  into  the  ridge  below  the 
bicipital  groove,  the  moiety  of  the  tendon  which  belongs  to  teres 
major  being  inserted  into  the  posterior  of  the  two  facets. 

Subacapularis  is  a  somewhat  small  muscle,  compared  with  the 
great  teres  major;  it  arises,  as  usual,  from  the  whole  of  the 
subscapular  fossa,  as  well  as  from  the  ridge  on  the  ventral 
surface  of  the  neck.  The  substance  of  the  muscle  is  penetrated 
by  two  tendons  upon  which  the  fibres  are,  so  to  speak,  gathered 
up,  and  which  are  inserted  into  two  round  concave  facets  at  the 
summit  of  the  inner  tuberosity,  immediately  internal  to  the 
superior  opening  of  the  bicipital  canal.  Into  the  surface  of  bone 
which  intervenes  between  the  two  facets,  the  muscle  has  a 
fleshy  insertion. 

Supraspinatus  is  a  somewhat  small  penniform  muscle,  which 
arises  from  the  whole  of  the  supraspinous  fossa  up  to  the 
margin  of  the  glenoid  cavity ;  its  fibres  converge  upon  a  strong 
flat  tendon,  the  size  of  which  is,  in  relation  to  the  muscle  to 
which  it  belongs,  somewhat  disproportionately  large,  which, 
uniting  to  some  extent  with,  and  piercing,  the  capsule  of  the 
claviculo-humeral  joint  is  inserted  upon  the  surface  of  the 
humerus  which  articulates  with  the  coraco-clavicle,  lying  in  the 
cavity  of  the  joint,  and  covered  with  the  synovial  membrane. 

This  tendon  also  becomes  adherent  to  the  capsule  of  the  true 
shoulder  joint,  forming,  as  already  stated,  a  partition  between 
that  joint  and  the  claviculo-humeral  articulation. 

Infra-spinaivs,  of  small  size  arises  from  the  greater  part  of 
the  infraspinous  fossa,  and  also  from  the  truncated,  conical 
process  at  the  vertebral  end  of  the  spine.  It  is  inserted  by  a 
small  tendon  into  a  facet  at  the  base  of  the  uncinate  process  on 
the  outer  tuberosity  of  the  humerus. 

Teres  miTior  appears  to  be  entirely  absent.  We  now  pass  on 
to  the  consideration  of  those  muscles  which  extend  from  the 
shoulder  girdle  to  the  forearm. 

Biceps  hrachii, — This  muscle  is  perhaps  more  remarkably 
modified  than  any  other  in  this  region ;  it  arises  by  a  thin  cord- 
like tendon  from  a  small  tubercle  on  the  ventral  surface  of  the 
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scapula  about  ^  of  an  Inch  from  the  margin  of  the  glenoid  cavit j ; 
from  this  point  the  tendon  passes  forward  and  downward  to 
reach  the  superior  opening  of  the  bicipital  canal.  The  axis  of 
this  canal  being  as  nearly  as  possible  at  right  angles  with  the 
portion  of  tendon  intervening  between  it  and  the  scapula,  the 
tendon  becomes  bent  up,  playing  over  a  small  trochlear  surface 
at  the  posterior  edge  of  the  superior  opening.  Emerging  from 
the  canal,  but  lying  in  the  deep  bicipital  groove,  the  tendon 
follows  the  same  course  until  it  reaches  the  bicipital  notch  on 
the  inner  side  of  the  humerus,  where  it  again  changes  its  course, 
twisting  sharply  round  the  polished  pulley-like  margin  of  the 
bone  and  coming  now  to  have  a  direction  at  right  angles  to  the 
last  It  now  swells  out  into  a  fleshy  belly  of  considerable 
size,  and  this  becomes  contracted  into  a  strong  flat  tendon 
which  is  inserted  in  its  normal  position  on  the  radius.  It 
is  thus  seen  that  the  tendon  of  the  biceps  lies  in  three 
different  planes,  each  forming  a  right  angle  with  either  of  the 
others. 

Triceps  is  of  large  size  and  has  the  following  characters : — 4 
large  quadrilateral  mass  divided  into  two  portions  by  a  cellular 
interspace  arises  from  the  rough  surface  at  the  glenoid  end  of 
the  axillary  border  of  the  scapula,  and  from  the  iufraspinous 
foBsa  for  about  f  of  the  length  of  the  bone;  another  distinct 
mass  arises  from  the  posterior  surface  of  the  humerus  below  the 
bicipital  groove,  and  a  third  arises  from  the  outer  and  posterior 
surface  of  the  humerus  and  from  the  conical  cavity  at  its  upper 
part.  The  muscle  is  inserted^  mainly  by  fleshy  flbres,  into  the 
enormous  expansion  of  the  olecranon. 

Brachialis  arUicus  arises  from  the  upper  portion  of  the  outer 
surface  of  the  humerus  below  the  rhomboidal  space,  and  from 
the  hooklike  process  on  the  outer  tuberosity;  its  strong,  flat 
tendon  is  inserted  into  a  small  depression  in  front  of  the  coronoid 
process  of  the  ulna. 

Anconeus, — This  muscle  consists  of  two  parts  separated  by 
a  small  cellular  interspace ;  the  posterior  portion  is  a  round 
fusiform  fasciculus  arising  from  the  tip  of  the  styliform  external 
condyle  and  inserted  into  the  outer  projection  of  the  olecranon. 
The  anterior  portion,  thin  and  fan-shaped,  arises  in  common  with 
the  preceding  and  becoming  somewhat  aponeurotic  as  it  passes 
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over  the  extensor  mascles  of  the  forearm,  is  inserted  into  the 
prominent  crest  of  the  ulna. 

JSpitrochleo-anconeus  or  anconeus  intemics,  a  comparatively 
large  muscle  of  a  triangular  shape,  arises  from  the  posterior 
surface  of  the  pronator  ridge,  and  passing  almost  horizontally 
backwards,  is  inserted  into  a  prominent  process  on  the 
inner  side  of  the  olecranon.  It  lies  superficial  to  the  ulnar 
nerve. 

The  present  paper  would  be  incomplete  without  a  brief  notice 
of  the  parts  which  are  played  in  the  economy  of  the  mole  by  the 
numerous  and  important  modifications  of  anatomical  structure 
which  have  been  described.  The  movements  of  which  the 
pectoral  limb  of  the  mole  is  capable,  present  extremely  little 
variety,  beinc;  almost  entirely  confined  to  a  backward  and 
forward  movement  like  the  oar  of  a  boat  or  the  arm  of  a  swimmer, 
which  latter  it  closely  resembles,  and  consisting,  like  it,  of  a 
"stroke"  in  which  the  outspread  hand  is  driven  forcibly  through 
a  more  or  less  dense  and  resisting  medium,  and  a  "  recovery  "  in 
which  comparatively  little  resistance  has  to  be  overcome  and 
therefore  comparatively  little  force  used. 

To  the  execution  of  the  former  of  these  movements  the  limb 
is  specially  adapted,  and  it  is  to  the  hypertrophy  of  the  muscles 
by  whose  agency  it  is  performed,  that  the  structural  modifica- 
tions are  mainly  due.  This  will  be  seen  more  clearly  if  we 
examine  the  movements  in  detail,  and  observe  the  manner  in 
which  the  several  muscles  contribute  to  their  production.  Thus 
upon  analyzing  the  first  movement,  the  backward  ''  stroke  "  of 
limb,  we  find  that  it  is  made  up  of  the  following  parts :  (a) 
flexion  of  the  humerus  upon  the  scapula ;  (6)  extension  of  the 
forearm ;  (c)  rotation  of  the  humerus  around  its  longitudinal  axis, 
and  as  a  result  of  this ;  (d)  flexion  of  the  digits. 

(a)  Flexion  of  the  humerus  upon  the  scapula  is  mainly  effected 
by  the  long  head  of  the  Triceps,  which,  by  virtue  of  its  very 
extensive  attachment  to  the  scapula  and  the  great  development 
of  the  olecranon,  acts  at  a  great  mechanical  advantage,  and  its 
action  is  probably  largely  supplemented  by  the  infraspinatus  as 
well  as  by  the  teres  major  and  the  latissimus  dorsi. 

(6)  The  principal  action,  however,  of  the  two  latter  muscles  is 
that  of  rotation  of  the  humerus  around  its  long  axis,  in  which 
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actioQ  they  are  powerfully  assisted  by  the  posterior  segment  of 
the  great  pectoral 

This  movemeDt  is  of  a  twofold  character,  consisting  of  (1)  a 
rotation  of  the  humerus  around  a  line  drawn  through  the 
middle  of  the  trochlear  surface  and  the  scapular  head,  and  (2)  a 
backward  movement  of  the  entire  bone,  carrying  with  it  the 
scapula,  upon  the  coraco-clavicle.  The  latter  movement  is 
obviously  brought  about  entirely  by  the  pectoralis  major  and 
latissimus  dorsi,  whilst  the  former  is  in  a  great  measure  due  to 
the  teres  major. 

(e)  The  rotation  of  the  humerus  results  in  flexion  of  the  digits 
in  the  manner  described  by  Mr  D'Arcy  W.  Thompson  in  his 
admirable  paper  on  the  subject  {Journal  of  Anatomy,  vol  xxiii. 
p.  406). 

The  teres  major  and  latissimus  dorsi  have  been  above  described 
as  rotating  the  humerus  outwards ;  it  must  be  borne  in  mind 
that  as  this  bone  is  inverted,  these  muscles  come  to  lie  on  the 
outer  aspect  of  the  limb,  a  circumstance  which,  no  doubt,  led 
Professor  Owen  into  the  error  of  confounding  the  teres  major 
with  the  deltoid.^ 

(d)  Extension  of  the  forearm  is  of  course  effected  by  the 
action  of  the  triceps. 

In  the  forward  movement  of  the  limb  the  resistance  to  be 
overcome  is  very  much  less,  wKence  the  muscles  which  are  called 
into  action  are  of  less  robust  proportions.  The  movement  is,  of 
course,  merely  a  reversal  of  the  preceding,  viz.,  extension  of  the 
humerus  upon  the  scapula ;  flexion  of  the  forearm ;  internal 
rotation  of  the  humerus  and  extension  of  the  digits.  Extension 
of  the  humerus  upon  'the  scapula  is  efiected  chiefly  by  the 
anterior  segment  of  the  gre&t  pectoral,  the  deltoid  and  the 
supraspinatus,  which  muscles,  assisted  by  the  biceps,  as  explained 
below,  rotate  the  humerus  inwards.  The  digits  are  extended  by 
the  strong  extensor  communis  and  the  elbow  is  flexed  by  the 
brachialis  anticus  and  biceps,  the  latter  functioning  also  as  a 
rotator  of  the  humerus  in  a  very  curious  and  interesting  manner. 
It  has  been  pointed  out  (p.  215)  that  the  long  proximal  tendon  of 

^  "The  deltoid,  coextensive  with  the  scapula,  acts  through  its  length  with  great 
power  upon  the  well-developed  humeral  ridge." — Anatomy  of  Fertebrates,  vol.  iii. 
pp.  17,  18. 
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this  muscle  runs  a  zigzag  course  somewhat  like  a  capital  Z,  and 
that  the  middle  portion  lies  in  a  bony  canal  in  the  upper  part  of 
the  humerus,  the  canal  passing  almost  horizontally  through  the 
bone  in  its  transverse  diameter. 

From  this  it  clearly  follows  that  when,  by  the  contraction  of 
the  muscle,  the  tendon  is  put  upon  the  stretch,  it  will  tend  to 
become  straight,  and  the  result  of  this  will  be  an  external  (or  in 
the  inverted  position  of  the  humerus  an  internal)  rotation  of  the 
bone  and  consequent  relaxation  of  the  flexor  sublimis  ligament 
permitting  of  extension  of  the  digits. 

Thus  it  will  be  seen  that  the  singular  condition  of  the  biceps 
comes  to  be  of  material  use  in  the  curiously  modified  muscular 
movements. 


EXPLANATION  OF  PLATE  V 

Fig.  1 .  Left  scapula,  dorsal^aspect.  a,  mammillary  process  at  vertebral 
end  of  spine;  b,  acromion;  c,  supra-spinous  fossa;  d,  infra-spinous  fossa. 

Fig.  2.  Left  scapula,  ventral  aspect,  a,  bicipital  impression ;  b^ 
facet  for  trapezius  ;  c,  facet  for  seri'atus  magnus ;  d,  ventral  ridge. 

Fig.  3.  Left  coraco-clavicle,  posterior  aspect,  a,  articular  surface 
for  humerus;  &,  posterior  surface;  c,  conical  process  on  ventral 
surface. 

Fig.  4.  Left  coraco-clavicle,  anterior  aspect  a,  articular  surface  for 
presternum;  b,  surface  for  deltoid;  c,  conoid  process;  d,  foramen 
(coracoid  foramen,  Parker.) 

Fig.  5.  Presternum  and  coraco-clavicles,  ventral  aspect  a,  alar 
expansion ;  b,  thickening  at  posterior  extremity ;  c,  carina ;  d, 
promontory. 

Fig.  6.  Presternum  and  coraco-clavicles,  dorsal  aspect  a,  ala ;  by 
posterior  end  ;  c,  groove ;  d,  foramen. 

Fig.  7.  Left  humerus,  anterior  aspect  a,  rhomboidal  space 
occupied  by  deltoid  ;  b,  surface  for  part  of  great  pectoral ;  c,  bicipital 
notch ;  d,  termination  of  bicipital  groove ;  6,  ridge  for  teres  major  and 
latissimus  dorsi ;  /,  pit  marking  origin  of  flexor  sublimis  digitorum ;  g, 
pronator  ridge ;  h,  lower  opening  of  supra-condylar  canal ;  ?*,  external 
condyle ;  j,  capitellum ;  k,  superior  opening  of  bicipital  canal ;  l, 
articular  surface  for  coraco-clavicle. 

Fig.  8.  Left  humerus,  posterior  aspect  a,  head;  6,  inner  tuberosity; 
c,  outer  tuberosity  (articular  surface  for  coraco-clavicle) ;  d,  ridge  on 
tuberosity  ;  e,  uncinate  process ;  /,  ridge  for  part  of  great  pectoral ;  ^, 
superior  opening   of  bicipital  canal ;  A,  bicipital  groove  leading  down 
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to  bicipital  notch;  t,  cavity  in  outer  tuberosity;  j,  nutrient  foramen; 
k^  trochlear  surface. 

Fig.  9.  Dissection  of  the  muscles  of  the  pectoral  and  axillary 
regions.  On  the  right  side  the  superficial,  on  the  left  the  deep 
muscles  are  shown.  P.M.  1-5,  pectoralis  major ;  the  sixth  and  seventh 
fasciculi  have  been  removed,  the  former  in  order  to  show  the  sub- 
scapularis,  and  the  latter  to  show  the  pectoralis  minor.  P. Mi.,  pectoralis 
minor;  S,  subscapularis ;  T.M.,  teres  major;  Bi.,  biceps;  P. R.T.,  prona- 
tor radii  teres;  F.C.R.,  flexor  carpi  radialis ;  D.,  deltoid;  E.O., 
external  oblique  ;  F.S.D.,  flexor  sublimis  digitorum  (converted  into  a 
ligament) ;  £.0.1).,  extensor  communis  digitorum  ;  Ea.,  radius. 

Fig.  10.  Dissection  of  the  brachium  and  fore-arm  from  the  inner 
side.  Sc,  Scapula  (the  axillary  border  and  subscapular  fossa  shown). 
Tr.  1.,  scapular  head  of  biceps  ;  Tr.  2,  outer  head ;  Tr.  3,  inner  head  ; 
O.L.  capsular  ligament;  BL  1,  tendon  of  biceps  above  bicipital  canaL 
BL  2,  tendon  of  biceps  emerging  from  canal ;  Bi.  3,  belly  of  biceps ; 
I.T.,  inner  tuberosity ;  A.I.,  anconeus  internus ;  P.R.T.,  pronator  radii 
teres;  F.C.R.,  flexor  carpi  radialis;  P.L.,  palmaris  longus;  F.C.U., 
flexor  carpi  uhiaris,  F.S.D.,  flexor  sublimus  digitorum. 


ON  THE  REPEODUCTION  OF  THE  CAEAPAJC  IN 
TORTOISES.  By  Hans  Gadow,  Ph.D.,  M.A.  Cantab,, 
Strickland  Curatoi'  and  Lecturer  on  Advanced  Morphology 
of  Vertebrates,  University,  Cambridge.    (Plate  VI.) 

Amongst  a  number  of  land  tortoises  {Testudo  grceca)  kept  herd 
were  noany  specimens  which,  owing  to  the  rough  mode  oE 
packing  generally  gone  through  by  these  hardy  reptiles,  arrived 
in  a  very  injured  condition.  In  some  cases  the  greater  part  of 
the  carapax  was  broken  through,  most  of  the  plates  having  been 
BO  much  cracked  or  crushed  that  they  were  dislodged  from  their 
neighbouring  parts,  and  were  rendered  easily  movable.  This 
refers  not  only  to  the  epidermal  scutes,  the  so-called  tortoise- 
shell,  but  likewise  to  the  underlying  ossified  dermal  plates. 

All  the  tortoises  have  since  been  kept  under  the  most  favour- 
able natural  conditions,  whereupon  the  maimed  specimens 
showed  the  following  interesting  changes : — 

The  epidermal  scutes  fell  off,  followed,  after  some  three  to 
ten  months,  by  the  thick  osseous  plates,  which  were  completely 
atrophied  and  then  raised  above  the  old  surface,  until  the  greater 
portion  of  the  old  carapax  was  bodily  lifted  up  and  was  kept  in 
connexion  with  the  animal  merely  by  the  overlapping  margins 
of  some  of  the  neighbouring  uninjured  scutes.  Underneath  this 
old  armour,  and  separated  from  it  by  a  space  partly  filled  with 
decaying  matter,  comes  a  layer  of  new  tortoise-shell.  This 
layer  is  of  typical  structure,  and  even  contains  the  usual  patches 
of  black  and  yellow  pigment.  In  bad  cases  the  whole  renewed 
area  is  covered  with  a  mass  of  horny  large  tubercles  without  any 
regular  arrangement.  Underneath  this  shell  comes  a  8oft,vascu- 
lir,  and  apparently  sensitive  layer,  resembling  the  malpighian 
normally  found  between  the  tortoise-shell  and  the  ossified  cutis. 
Underneath  this  soft  layer  lies  a  more  or  less  well  ossified 
armour.  In  one  of  the  most  injured  specimens  about  four 
neural  and  six  costal  plates  of  the  dermal  armour  were  bodily 
lifted  off  (fig.  1).  The  animal  was  then  protected  only  by  the 
remaining  subcutaneous  connective  tissue,  which  although 
already  coi^siderably  changed  and  thickened,  was  still  so  soft 
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that  it  was  bulging  in  and  out  according  to  the  expiration  and 
inspiration  of  the  lungs.  On  this  soft  cover  there  was  already  pro- 
duced some  irregular  and  imperfect  tortoise-shell.  Microscopic 
examination  in  transverse  stained  sections  shows  the  following 
structure  (fig.  2a): — sx,,  stratum  corneum,  partly  peeling  off;  the 
lower  layers  are  composed  of  more  flattened  cornified  cells, 
followed  by  high  cylindrical  cells  (M),  which,  like  the  typical 
malpighian  cells  of  Chelonians,  show  granulous  contents  with  a 
large  nucleus  and  nucleolus;  P,  black,  star-shaped  pigment 
clusters ;  ox.,  ossified  cutis,  i,e,,  new  dermal  armour.  Sections 
through  less  advanced  portions  show  the  thick  cutis  (fig.  2b,  c) 
composed  of  the  normal  horizontal  connective  fibres  and  full  of 
osteoblasts.  Towards  the  peritoneal  or  inner  side  these  are  by 
far  less  numerous  and  the  fibres  are  still  irregularly  felted, 
as  in  ordinary  subcutaneous  connective  tissua 

In  another  case  the  epiplastron  had  been  severed  from  the 
neighbouring  entoplastral  and  hyoplastral  plates.  The  opposite 
margins  are  now  quite  smoothly  rounded  off,  and  the  epiplastron  is 
now  connected  with  the  rest  of  the  plastron  by  a  belt  of  skin  of  0*5 
cm.  in  width,  consequently  quite  movable,  but  of  course  attached 
to  the  skin  of  the  neck  and  the  M.  claviculo-plastro-humeralis. 
When  this  animal  withdraws  its  head  into  the  shell,  the  new 
jointed  epiplastron  shuts  part  of  the  opening  and  thus  bears  a 
close  resemblance  to  the  mechanism  of  the  genus  Pyxis,  The 
belt  of  skin  cannot  in  its  structure  be  distinguished  from  that  of 
the  neck  and  legs. 

In  order  to  investigate  this  process,  I  made  the  following 
experiments  on  Testudo  grasca.  The  specimens  are  now  in  the 
museum  of  comparative  anatomy  and  zoology  in  Cambridge.  In 
November  1884  a  ring  of  three-quarters  of  an  inch  in  diameter  was 
cut  through  the  whole  carapax  into  the  soft  subcutaneous  tissue. 
The  central  disk,  which  had  thus  become  a  movable  plug, 
remained  intact.  The  walls  of  the  ring  and  disk  were  cauterised 
in  order  to  destroy  the  margins  of  the  malpighian  layer.  The 
wound  was  for  the  first  fortnight  dres8^d  antiseptically,  but 
afterwards  left  to  itself.  The  plug  showed  the  iaspiration  and 
expiration  for  several  weeks,  and  remained  movable  for  at  least 
three  months.  Now,  in  September  1885,  examination  shows  the 
following  result  (fig.  3)  : — 
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The  walls  of  the  ring  E  looked  as  if  the  wound  had  not  been 
mended,  but  after  slight  pressure  a  ring  of  necrotic  dermal  bone, 
D,  came  off  and  showed  the  continuation  of  the  malpighian 
layer  M.  Dead  tortoise-shell,  together  with  a  disk  of  dermal 
armour  could  easily  be  removed  from  the  top  of  the  disk.  The 
dermal  part  D  was  only  half  its  original  thickness,  resorbed  and 
necrotic  on  its  deep  surface.  Below  it,  a  layer  of  newly  formed 
tortoise-shell,  followed  by  malpigbian  stratum  and  then  by 
dermal  bone. 

On  another  part  of  the  tortoise  a  portion  of  the  horny  layer, 
together  with  the  malpighian  stratum,  was  completely  removed 
to  the  extent  of  03  inch  square  (fig.  4).  This  area  reached 
across  the  natural  suture  of  two  neighbouring  dermal  plates. 
The  injured  place  kept  its  appearance,  apparently  without  change, 
for  ten  months.  Now,  with  some  force  a  thin  layer  of  dermal 
plate  could  be  removed ;  it  was  quite  necrotic,  and  separated 
from  the  rest  by  a  stratum  of  horny  epiderm,  which  latter  was 
continuous  with  the  uninjured  tortoise-shell.  It  must,  however, 
be  noted  that  this  regenerated  shell  does  not  reproduce  the 
peculiar  pattern  of  concentric  squares  and  rings  visible  on  the 
uninjured  scales,  because  this  pattern  is  intimately  connected 
with  the  growth  of  the  whole  animal. 

To  sum  up,  the  injury  done  to  the  armour  of  tortoises  is  mended 
in  this  way  that  from  the  healthy  margins  of  the  malpighian  layer 
the  latter  grows  centripetally  towards  the  injured  area  right  into 
the  osseous  plate  and  thus  causes  the  latter's  partial  destruction, 
whereupon  the  superimposed  shell  and  osseous  plates  to  the  extent 
of  the  area  to  be  mended  are  cast  off.  Lastly,  the  remaining  deep 
portions  of  the  dermis  make  up  for  the  loss  by  thickening.  If 
the  injury  is  very  severe,  as  in  the  tortoise  figured,  where  the 
dermal  armour  was  cast  off  down  to  the  soft  cutaneous  layers, 
the  bulk  of  these  produces  cutis,  which  then  undei^oes  the 
normal  process  of  ossification,  until  at  last  a  new  complete 
armour  is  formed. 

A  superficial  centripetal  growth  of  the  epiderm  over  the  defect, 
as  in  mammals,  does  not  take  place  in  tortoises.  The  reason 
for  this  rather  roundabout  process  seems  to  be  that  the  epider- 
mal products  (the  tortoise-shell)  are  not  only  the  phylogenetically 
older  but  also  a  more  important  protection  thau  the  much  later 
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established  dermal  armour.  However,  we  do  not  know  of  aay 
noD-pathological  cases  where  bony  or  dermal  structure  lies 
superficially  without  being  covered  by  epidermal  products,  with 
the  siugle  exception  of  the  horns  of  deer,  but  these  have  to  be 
periodically  reuewei 

Considering  the  enormous  extent  to  which  our  tortoises  have 
mended  their  shells,  there  may  be  after  all  some  truth  in  the 
often  ridiculed  story  related  of  Malayan  turtle-fishers,  who,  after 
the  living  creature  has  been  slightly  roasted  over  a  coalfire,  to 
render  the  tortoise-shell  easily  removable,  set  the  tortured  turtle 
free  so  that  it  may  recover  and  yield  them  a  new  coating. 

I  confess  that  at  first  sight  the  process  of  regeneration 
described  above  seemed  to  afford  at  last  an  instance  of  epidermal 
products  being  developed  from  the  surface  of  cutaneous  layers. 
One  might  suggest  that  through  the  development  of  the  various 
skin-glands  epiblastic  elements  had  been  conveyed  deeply  into 
the  cutis  and  that  these  latent  or  dormant  cells  might  under 
certain  circumstances  establish  a  malpighian  layer.  Such  an 
assumption  might,  perhaps,  hold  in  mammals,  but  Chelonians 
are,  like  most  other  reptiles,  almost  devoid  of  skin-glands.  Or, 
if  the  mesublast  of  the  amniota  is  derived  from  both  germinal 
layers,  the  upper  portion  of  the  mesoderm  then  being  a  descend- 
ant from,  or  perhaps  a  differentiation  of,  the  entoderm,  we  might 
assume,  that  the  cutaneous  layer  retains  in  itself  the  potentiality 
for  developing  structures  which  normally  are  produced  only  by 
the  ectoderm  specialised  in  that  direction.  Such  cases  seem  to. 
occur.  Professor  Humphry  kindly  informs  me  that  in  cases  of 
bums  or  other  injuries,  causing  the  destruction  of  large  portions 
of  the  skin,  the  whole  often  considerable  defect  of  epidermis  and 
cutis  will  be  mended  by  a  regeneration  from  the  cutis  'per  mper- 
ficiem,  provided  there  be  any  of  the  deeper  layers  of  the  cutis 
left.  An  analogous  case  is  the  reproduction  of  bark  from  the 
whole  surface  of  the  cambium  laid  open  after  the  destruction  of 
the  old  cortex. 


224         THE  KEPRODUCTION   OF  THE  CARAPAX   IN  TORTOISES. 


EXPLANATION  OF  PLATE  VL 

Fig.  L  Transverse  section  through  carapax ;  E.^  epiderm ;  O.C, 
ossified  cutis ;  Z}.,  cast  off  portion  of  old  dermal  armour ;  M.y  newly 
formed  malpighian  layer  and  new  tortoise-shell ;  x,  see  iig.  2. 

Fig.  2.  Section  through  regenerated  portion  of  carapax  at  point  x, 
fig.  1.  A.  8X,,  stratum  corneum;  M.^  cylindrical  cells;  P.,  pigment 
clusters  ;  O.  (7.,  ossified  cutis.     B.  c,  thick  cutis. 

Fig.  3.  Transverse  section  ;  22.,  the  ring  cut  out ;  Z>.,  cast  off  portion 
of  dermal  armour  on  disk ;  Z>i,  cast  off  portion  of  wall  of  ring ;  0.C7., 
ossified  cutis  or  dermal  armour,  partly  renewed  at  r ;  E,,  cast  off  por- 
tion of  old  epiderm ;  M.,  malpighian  layer,  newly  formed. 

Fig.  4.  Transverse  section ;  £>.,  cast  off  disk  of  dermal  armour^ 
below  which  the  newly-formed  tortoisenBhell, 


OBSERVATIONS  ON  THE  DEVELOPMENT  AND  THE 
DECAY  OF  THE  PIGMENT  LAYER  ON  BIRDS' 
EGGS.  B7  Alexander  M.  M'Aldowie,  M.D.,  Vice- 
President,  North  Staffordshire  Naturalists'  Field  Club. 

Many  and  various  are  the  theories  which  have  been  brought 
forward  by  ornithologists  to  account  for  the  coloration  of  birds' 
eggs,  but  all  have  failed  to  explain,  why  the  majority  are  so 
richly  and  beautifully  ornamented.  White  eggs,  deposited  in 
dark  situations,  are  accounted  for,  as  also  are  those  which 
simulate  the  colour  of  the  soil  or  other  material  on  which  they 
are  laid  All  others,  comprising  by  far  the  largest  proportion  of 
eggs,  have  proved  an  enigma  as  yet  unsolved.  Theorising  on 
this  interesting  subject,  it  occurred  to  my  mind  that  if  we  were 
to  reverse  the  usual  order  of  study,  examine  first  the  pigmenta- 
tion of  those  eggs  whose  colours  apparently  bear  no  relation  to 
their  surroundings,  and  afterwards  investigate  the  causes  which 
might  have  brought  about  the  loss  of  pigment  in  white  eggs,  and 
also  the  method  by  which  protective  mimicry  had  been  produced, 
we  might  arrive  at  a  more  satisfactory  and  scientific  conclusion. 
A  review  of  other  organic  objects  gave  abundant  reason  for  this 
order  of  investigation.  White  is  one  of  the  rarest  hues  in  the 
organic  world.  When  it  occurs  it  is  for  some  specific  purpose, 
and  its  presence  can  always  be  easily  accounted  for.  Thus, 
animals  which  live  within  the  arctic  circle  are  white  like  the  snow 
of  these  regions,  the  perianth  of  many  flowers  is  white  to  attract 
insects  and  ensure  cross  fertilisation,  and  most  sea  birds  are 
white,  with  blue  on  the  back,  resembling  the  colours  of  the 
clouds,  and  rendering  them  less  likely  to  frighten  the  fish  upon 
which  they  prey. 

Much  has  been  written  about  the  variety  of  colours  observed 
on  eggs,  but  a  glance  at  the  solar  spectrum  will  at  once  show 
the  fallacy  of  this  opinion.  The  only  portions  of  the  spectrum 
represented  on  the  whole  range  of  colours  of  birds'  eggs  are  a 
small  band  on  the  red  (forty  to  forty-five),  and  another  on  the 
green  (eighty-five  to  ninety-two). 

This  seems  the  more  striking  when  we  consider  the  number  of 
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colours  exhibited  by  the  birds  themselves,  where  every  part  of 
the  spectrum  is  represented,  as  well  as  by  other  organic  objects, 
as  insects,  flowers,  &c.  Only  two  colours  of  pigment  are  found 
on  eggs,  green  and  red — together  with  black,  which  ia  not  a 
colour  in  the  scientific  sense  of  the  term.  It  is  a  remarkable 
fact,  and  one  which  I  have  never  seen  noticed  by  writers  on  the 
subject,  that  all  the  rich  hues  and  shades  with  which  eggs  are 
so  lavishly  ornamented,  are  merely  intermediates  between  these 
three. 

I  have  arranged  the  following  scale  by  an  expansion  of  these 
three  according  to  chromatic  rules,  and  it  will  be  seen  that  it 
embraces  every  shade  of  colour  found  in  birds'  eggs. 

Blue-gbeen  Busset  or  Orange  Brown 

Green  Brown 

Olive-Green  Grey-Brown 

Olive  Brown-Grey 

Olive-Brown  Black  or  Grey. 

The  bsematin  of  the  red  blood-corpuscles  is  the  source  of  these 
pigments.  It  is  taken  up  by  the  pigment  cells  where  It  under- 
goes metamorphosis  into  the  green,  brown,  and  black  shades,  and 
is  then  secreted  by  the  particular  follicles  at  the  lower  part  of 
the  uterus.  ''To  understand  how  yellow,  green,  brown,  and 
black  pigments  may  be  derived  from  the  colouring  matter  of  the 
blood,''  writes  Bindfleisch,  "  we  must  first  glance  at  the  physio- 
logical metamorphoses  to  which  this  substance  is  liable.  The 
most  important  of  these,  and  in  some  sense  typical  of  all 
the  rest,  is  its  transformation  into  bile-pigment.  The  red 
corpuscles,  as  they  grow  old,  part  with  their  colouring  matter  to 
the  serum ;  from  this  it  is  taken  up  by  the  liver-cells,  which 
transform  it  into  bile-pigment ;  as  such  it  is  ultimately  excreted 
in  the  faeces.  Before  it  is  thus  removed,  when  retained  in  the 
gall  bladder  for  any  length  of  time,  it  undergoes  further  changes, 
passing  through  shades  of  yellow,  green,  brown,  and  black,  which 
Shadeler  terms  respectively  bilifuscin  (OggHgpNgOg),  biliverdin 
(CggHjoNjOjo),  biliprasin  (CjjHgjN^Oig)  and  bilihumin ;  bilifuscin 
differing  from  bilirubin  in  containing  two  atoms  more  HO, 
biliverdin  from  bilifuscin  in  containing  two  atoms  more  0, 
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biliprasin  from  biliverdin,  again,  by  an  access  of  2H0,  while 
bilihumin  is  a  black,  insoluble,  very  highly  oxidised  substance." 

''The  scale  of  colours  enumerated  above  serves,  as  already 
stated,  as  a  standard  for  the  course  of  all  other  cbromatases, 
whether  physiological  or  pathological" 

A  careful  study  of  these  pigments  will  show  the  reason  for 
this  limited  range  of  colour.  If  we  examine  the  characteristics 
of  the  pigment  layer  on  eggs,  it  is  impossible  to  resist  tbe  con- 
clusion that  its  presence  has  reference  to  the  sun's  rays.  All 
organic  objects  which  are  liable  to  be  exposed  to  the  sun's  rays 
are  protected  by  pigment  of  one  colour  or  another.  This  is  the 
chief  use  of  pigment  in  the  animal  world.  In  many  animals  the 
colours  are  adapted  or  modified  for  concealment,  but  their 
primary  use  is  for  protection  from  the  glare  of  the  sun.  The 
delicate  and  tender  ovum  in  particular  requires  protection. 
Professor  Yung  has  shown  the  generating  power  of  the  sun's 
rays  on  the  ova  of  frogs.  In  1881, 1  read  a  paper  showing  that 
the  pigment  of  frog's  spawn  was  placed  in  the  ovum  itself  to 
absorb  the  sun's  rays  as  well  as  to  protect  the  organism.^  But 
the  ovum  of  the  more  highly  organised  warm-blooded  animals 
does  not  deriye  the  stimulus  required  for  its  development  from 
the  rays  of  the  sun  but  from  the  body  of  the  parenL  I  think 
that  this  afifords  us  sufficient  reason  for  assuming  that  the  use  of 
the  pigmented  covering  of  the  shell  is  to  protect  the  sensitive 
ovum  from  being  acted  on  by  the  sun's  rays.  If  we  make  two 
perforations  in  a  piece  of  cardboard,  cover  one  with  a  piece  of 
pigmented  egg  shell  (e.^.,  a  rook's  or  blackbird  s),  and  the  other 
with  a  white  one  {e.g.,  a  pigeon's  or  a  woodpecker's),  and  hold 
the  cardboard  up  to  the  light,  we  see  the  great  amount  of  pro* 
tection  afforded  by  the  pigmented  shell.  True,  the  same  end 
might  be  gained  by  thickening  the  shell,  but  it  would  have  to 
be  increased  several  fold  to  afford  an  equal  amount  of  protec- 
tion, and  nature  is  never  wasteful  in  material.  Moreover,  owing 
to  the  peculiar  way  in  which  the  yolk  is  suspended  by  the 
ehalazae,  the  germinal  spot  is  always  uppermost,  and  consequently 
exposed  to  the  sun's  rays  striking  from  above. 

Mr  Salvin  noticed  in  Guatemala  that  humming-birds  were 
much  more  unwilling  to  leave  their  nests  during  very  hot 

^  J^orth  SUfffordihire  Nakiral  Bistary  Reports, 
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weather,  when  the  sun  was  shining  brightly,  than  during  cool;, 
cloudy,  or  rainy  weather.^ 

I  shall  afterwards  show  that  there  is  a  direct  relation  between 
the  amount  of  light  to  which  the  egg  is  exposed  and  the 
intensity  of  its  pigmentation ;  that  direct  exposure  to  the  sun's 
rays  is  necessary  for  pigment  to  acquire  its  full  development ; 
and  that  eggs  deposited  in  sites  protected  from  the  sun's  rays 
gradually  lose  their  pigment  layer. 

If  we  examine  these  three  shades  from  a  purely  chromatic 
standpoint,  apart  from  any  physiological  views  of  their 
development,  we  shall  see  how  admirably  adapted  they  are  for 
the  purposes  of  protection  and  concealment. 

1.  Green  is  the  colour  we  would  naturally  expect  to  find  used 
as  a  protection  for  eggs.  We  know  by  experience  that  it  has  a 
peculiar  softening  influence  on  light.  When  it  is  present,  it  is- 
always  as  a  ground  tint,  uniformly  spread  over  the  surface  of 
the  egg.  Most  eggs  are  more  or  less  covered  with  spots,  blotchesy 
or  streaks,  but  these  markings  are  never  formed  of  green  pig-^ 
ment.  Many  markings  appear  green  to  the  eye,  but  thi» 
appearance  is  produced  by  the  green  ground  tint  being  seen 
through  a  thin  layer  of  black  or  brown.  The  spots  in  that  case 
are  of  a  darker  green  than  the  ground,  bu-t  never  deeper  or 
richer.    The  most  common  tint  ia  a  bluish-green. 

2.  Red.  If  we  see  a  reason  for  the  use  of  green  pigment  as  a 
protective  layer  on  eggs,  we  can  &nd  an  equally  good  one  why 
red  should  be  employed  as  the  second  or  supplementary  colour. 
In  the  chromatic  circle  all  colours  are  arranged  in  pairs,  and  the 
colours  in  every  pair  are  complementary  to  each  other.  When 
two  colours  are  seen  in  juxtaposition,  they  mutually  affect  each 
other,  both  in  colour  and  tone.  A  yellow  object,  for  example^ 
placed  close  to  a  blue  one,  will  appear  as  if  inclined  to  orange, 
while  the  blue  object  will  seem  to  incline  towards  violet.  Bub 
two  complementary  colours,  such  as  red  and  green,  do  not  modify 
one  another's  contiguity.  They  merely  enhance  each  other's 
characteristics.  Further,  Professor  Church  remarks  that  green 
and  red  have  a  relation  to  each  other  which  is  di:fferent  from  that 
of  any  other  pair  of  colours.  "That  there  is  something  very 
peculiar  in  the  relation  of  green  to  red,"  he  adds, ''  may  also  be 

}lH8j  1864,  p.  375. 
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concluded  from  the  frequency  with  which  these  two  coloars  are 
confounded  by  persons  who  suffer  from  colour  blindness."  The 
exact  tint,  which  seems  to  be  the  basis  of  all  the  reds  and  browns 
found  on  eggs  is  a  russet  or  orange-brown,  and,  if  we  examine 
the  chromatic  circle  of  Maxwell,  this  tint  will  be  seen  to  be  the 
complementary  colour  of  the  bluish-green,  which  I  have  just 
remarked  is  the  usual  ground  tint.  Red  pigment  is  usually 
arranged  in  the  form  of  spots,  streaks,  or  blotches.  Occasionally 
it  is  used  as  a  ground  tint — as  in  the  grouse  tribe — but  then  it 
is  usually  more  or  less  speckled.  It  rarely  if  ever  exhibits  the 
smoothness  or  evenness  of  the  green. 

8.  Black  seems  to'  be  employed  mostly  as  a  tone  giving 
neutral  to  enhance  these  two  colours.  Orange  or  red  seen  in 
juxtaposition  with  black  is  rendered  rather  lighter  in  tone  and 
more  luminous ;  green  with  black  becomes  more  brilliant,  but 
the  black  suffers  in  purity,  and  appears  slightly  tinged  with  a 
ruddy  hue.  The  grey  marking  seen  on  many  eggs,  e,g.,  the 
sparrow  tribe,  are  produced  by  a  light  layer  of  black  pigment. 

Next  to  their  limited  range  the  variation  of  the  colours  of 
eggs  in  the  same  species  is  the  most  striking  characteristic.  In 
the  eggs  of  several  species,  as  gulls,  terns,  and  guillemots,  the 
range  of  lives  extends  almost  from  one  end  of  the  scale  to  the 
other.  What  a  contrast  with  the  colours  of  the  birds  themselves, 
where  the  colour  of  a  few  feathers  in  some  instances  constitute 
the  difference  between  the  species,  or  with  lepidoptera  where  the 
pigmentation  of  a  few  scales  determines  the  name  of  the  insect. 
And  not  only  do  the  eggs  of  birds  of  the  same  species  differ,  but 
those  of  the  same  individual  vary  almost  to  the  same  extent. 
Thus  in  a  tern's  nest,  contaiaiog  four  eggs,  I  found  one  of  a 
pale  green  colour  and  another  of  a  deep  reddish-brown.  The 
other  two  were  of  intermediate  tints.  In  this  case  the  green  egg 
had  been  the  first  laid  and  the  brown  one  last. 

Basing  our  theories  on  the  development  of  pigments  referred 
to  above,  which  is  generally  accepted  by  physiologists,  we  would 
infer  that  green  was  the  first  colour  which  was  developed  in  the 
eggs  of  the  early  species  of  birds.  The  eggs  of  the  species 
extant  support  this  conclusion.  Green  is  the  most  common  and 
most  widely  distributed  colour.  Schmidt  states:  "The  more 
stubbornly  a  character  is  transmitted,  or,  what  amounts  to  the 
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same,  the  greater  the  number  of  families,  genera,  and  species 
over  which  a  character  is  extended,  the  earlier  did  it  appear  in 
the  ancestral  stock."  It  is  also,  as  has  been  shown  previously, 
the  colour  best  adapted  for  protection  from  the  stimulating 
influence  of  the  sun's  rays,  and  there  can  be  no  doubt  but  that 
this  is  the  primary  use  of  pigment.  Almost  every  egg  which  is 
laid  in  a  situation  where  there  is  no  need  for  concealment,  but 
which  is  exposed  to  the  sun's  rays — e.g,,  rooks,  herons — is  of  a 
green  colour. 

Bed  or  russet,  and  all  the  intermediate  tints,  appear  to  bo 
developed  chiefly  for  concealment,  the  different  shades  of  brown 
showing  in  many  instances  perfect  adaptation  of  the  colour  of 
the  egg  with  that  of  its  surroundings.  This  colour  is  chiefly 
exhibited  on  eggs  which  are  deposited  on  or  near  the  ground, 
as  the  waders',  gallinaceous  birds',  larks',  &c.  Hewitson  states  ; 
"  We  should  scarcely  expect  to  find  the  eggs  of  the  crane  so 
entirely  different  from  those  of  all  the  other  species  which  are 
most  nearly  allied  to  it  in  habit  and  in  form.  Whilst  the  eggs 
of  all  these  species,  with  the  exception  of  those  of  the  spoon- 
bill, are  either  pure  white  or  slightly  tinted  with  colour,  but 
always  spotless,  those  of  the  crane  are,  on  the  contrary,  richly 
coloured."  This  difference  may  be  completely  accounted  for  by 
the  above  theory,  as  the  crane  habitually  breeds  on  the  ground, 
whilst  the  others  choose  elevated  sites.  Compare  also  the 
eggs  of  the  three  species  of  divers,  laid  on  the  margin  of  the 
freshwater  lochs  in  the  north,  with  those  of  their  congeners  the 
guillemots,  deposited  on  cliffs. 

The  coloration  of  the  eggs  of  the  Falconidse  are  in  some 
respects  exceptional,  depending  on  the  nature  of  the  food  and 
other  causes,  which  lie  beyond  the  scope  of  the  present  paper. 

When  I  examined  eggs  with  reference  to  the  amount  of  light 
to  which  they  were  exposed,  I  found  that  the  ratio  between  the 
intensity  of  the  pigmentation  and  the  degree  of  exposure  was 
very  marked,  and,  indeed,  almost  startling.  For  example,  the 
eggs  of  birds  which  breed  early — as  the  thrush  tribe,  hedge- 
sparrow,  &c. — have  well-developed  ground  tints ;  whilst  those  of 
the  later  breeders — as  the  greenfinch,  linnet,  &c. — laid  after  the 
leaves  are  out,  and  therefore  screened  from  direct  sunlight  are 
more  faintly  coloured.    My  own  experience  is  that  exposure  or 
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shelter  from  the  sun's  rays  plays  an  important  part  in   the 
selection  of  a  site  for  nidification,  by  the  parent  bird. 

It  may  be  laid  down  as  an  almost  universal  law  in  ornithology, 
that  eggs  which  are  deposited  in  situations  exposed  to  the  sun's 
rays  are  much  darker  in  colour  than  those  laid  in  nests  protected 
from  direct  sunlight  They  almost  invariably  possess  a  well- 
developed  ground  tint.  Some,  e,g.,  the  heron  and  the  hedge- 
sparrow,  are  spotless,  but  most  show  markings  of  some  kind. 

Eggs  laid  in  shaded  nests,  e.^.,  the  yellow-hammer  and  the 
green  finch,  possess  a  faint  ground  tint,  and  the  markings  are 
usually  smaller  and  lighter  than  in  the  preceding. 

Eggs  laid  in  covered  nests,  as  the  tits'  and  wrens',  usually 
present  faint  spots  in  a  white  ground. 

Eggs  which  are  wholly  excluded  from  light,  as  woodpeckers' 
and  kingfishers',  are  almost  invariably  pure  white. 

Not  only  does  direct  sunlight  seem  necessary  for  the  pigment 
layer  to  acquire  its  full  development,  but  there  is  also  strong 
evidence  that  all  white  and  faintly  coloured  eggs  have  undergone 
or  are  undergoing  a  process  of  decolorisation  when  the  protec- 
tion afforded  by  the  pigment  layer  is  no  longer  required.  This 
is  in  accordance  with  the  laws  of  physiology.  If  any  tissue  or 
organ  loses  its  function  it  will  gradually  waste,  and  finally 
disappear  Moreover,  it  has  been  shown  by  evolutionists 
that  the  lost  organ  is  apt  to  appear  as  a  variation,  or  as  a 
rudimentary  and  useless  appendage :  many  eggs,  therefore,  show 
rudimentary  pigmentation,  and  colour  appears  sometimes  as  a 
variation  in  eggs  which  are  normally  white.  Eggs  have  been 
divided  by  Wallace  into  white  and  coloured,  spotted  and  un- 
spotted ;  there  is,  however,  an  unbroken  series  between  white 
eggs  and  those  which  are  highly  pigmented  and  spotted. 
Further,  the  eggs  of  several  species  would  have  to  be  included 
at  one  time  under  the  former  category,  and  at  another  under 
the  latter.  For  instance,  the  egg  of  the  white-tailed  eagle  is 
usually  white,  but  occasionally  it  presents  well-defined  markings. 
The  egg  of  the  puffin  is  as  often  colourless  as  it  is  pigmented. 
That  of  the  whinchat  is  of  a  bright  blue-green,  sometimes  spot- 
less, sometimes  faintly  speckled  at  the  large  end  with  rust 
colour. 
It  has  been  stated  that  white  and  light  coloured  eggs  are  found 
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in  dark  and  sheltered  situations  because  colour  is  not  necessary  to 
conceal  them  from  observation.  The  fact  has,  however,  been 
overlooked,  that  eggs  laid  in  elevated  sites,  as  gulls',  rooks', 
herons',  &c.,  have  welUdcveloped  colours,  although  they  can  be 
of  no  use  for  concealment.  Want  of  the  stimulus  of  the  sun's 
rays  alone  causes  the  colour  to  fade  or  disappear. 

When  one  (or  one  or  two)  species  in  a  family,  where  the 
majority  lay  deeply  pigmented  eggs,  lays  either  a  white  egg  oi 
one  faintly  coloured,  we  invariably  find  that  it  differs  from  the 
others  in  its  mode  of  nidification,  depositing  its  eggs  in  some 
place  protected  from  the  light,  whilst  its  relations  lay  in  exposed 
sitaations.  In  this  case  there  is  what  may  be  termed  a  specific 
decolorisation,  the  loss  of  pigment  affecting  the  individual 
species  alone,  and  not  extending  to  the  other  members  of  the 
family. 

When  the  whole  of  a  genus  or  family  lay  white  eggs,  we  find 
that  either  all,  or  the  majority  of  the  species,  deposit  their  eggs 
in  places  protected  from  the  light.  In  this  case  there  appears 
to  have  been  a  generic  decolorisation  affecting  the  group  as  a 
whole,  the  pigment  having  become  obsolete  at  a  much  earlier 
period  than  in  the  preceding  case,  probably  before  the  differentia- 
tion of  the  family  into  the  existing  number  of  species. 

Specific  Decolorisation. 

In  examining  the  evidence  of  decolorisation  of  eggs,  it  will 
be  necessary  to  enter  somewhat  into  the  details  of  the  modifica- 
tion of  several  groups  of  birds  to  show  the  various  ways  in  which 
the  eggs  are  protected  from  the  stimulating  influence  of  sunlight. 
With  reference  to  this,  eggs  may  be  divided  into  three  classes 
viz. : — (1)  those  laid  in  holes  or  covered  nests,  (2)  those  which 
are  covered  by  the  parent  bird  with  leaves,  weeds,  &c.,  and  (3) 
those  covered  by  an  incrustation  of  calcareous  matter.  The  eggs 
of  nocturnal  birds  are  white  ur  faintly  coloured  but  are  included 
in  the  above. 

1.  JEggs  deposited  in  holes  or  covered  nests. 

The  egg  of  a  woodpecker,  or  any  binl  where  the  whole  of 
the  family  lay  white  eggs  and  are  identical  in  their  mode  of 
nesting,  affords  no  evidence  of  decolorisation.  But  when  we 
find  one  species  only  in  a  family  laying  in  a  covered  nest,  and 
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its  eggs  white  or  faintly  coloared^  whilst  those  of  the  other 
members  are  laid  in  open  sites  and  are  highly  pigmented,  we 
may  fairly  argue  that  the  pigment  covering  has  degenerated  or 
vanished.  Tbos  all  the  thrush  family  lay  richly  coloured  eggs 
in  open  sites,  whilst  the  dipper,  a  closely  allied  species,  lays  a 
white  egg  in  a  domed  edifice.  The  egg  of  the  black  redstart, 
one  of  a  genus  where  all  the  other  members  lay  coloured  eggs, 
is  exceptionally  pu^e  and  white.  Again,  the  auk  tribe  is  notable 
for  laying  bright  coloured  eggs  on  bare  ledges  on  the  cliffs ; 
whilst  the  puffin,  one  of  the  family  which  breeds  in  rabbit  holes, 
lays  an  egg,  described  by  Hewitson  as  ''  sometimes  spotless>  but 
more  frequently  marked  with  various  tints  of  colour,  but  so  very 
faint  and  indeterminate  as  to  appear  as  though  they  were  seen 
through  the  shell."  The  wheatear  is  a  good  example  of  an  egg 
which  has  undergone  almost  complete  decolorisation.  One  of 
the  most  interesting  cases  is  that  of  the  Virginian  quail.  This 
is  the  only  one  of  our  gallinaceous  birds  which  builds  a  dome- 
shaped  nest,  or,  indeed,  may  be  said  to  build  any  nest  at  all. 
Yarrell  states  that  the  eggs  are  white,  althougli  Hewitson  figures 
one  of  a  faint  huffy  tint,  with  minute  spots.  All  the  rest  of 
this  order  lays  eggs  with  a  well-developed  ground  tint,  and 
usually  richly  covered  with  dark-coloured  markings. 

2.  Eggs  covered  by  the  parent  bird  with  leaves  or  other  vegetable 
matter. 

There  is  no  doubt  but  that  a  loss  of  pigment  has  resulted 
from  this  mode  of  concealment.  It  is  interesting  to  speculate 
on  the  reasons  which  have  led  certain  birds  which  breed  on  the 
ground  to  adopt  this  method  of  protection,  whilst  others  trust  to 
the  colour  of  the  eggs.  In  the  grebe  tribe  it  seems  the  only 
method  possible.  Protective  coloration  of  the  eggs  would  be  a 
much  less  effective  mode  when  they  are  deposited  on  the  top  of 
a  large  and  prominent  heap  of  decaying  water  plants ;  and  it 
would  be  impossible  for  them,  on  account  of  their  peculiar  wings 
and  legs,  to  escape  from  the  nest  unless  it  were  close  to  the 
water's  edge.  ''  It  would  seem  that  whatever  they  do  must  be 
done  in  the  water,"  writes  Naumann;  "  they  cannot  even  rise 
upon  the  wing  without  a  preliminary  rush  over  the  surface  of 
the  lake;  from  dry  land  they  cannot  commence  their  flight." 
The  loss  of  pigment  is  complete  in  the  grebes,  as  it  is  probable 
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that  the  wet  decaying  vegetation  shnts  out  the  light  more  com- 
pletely than  the  loose  dry  materials  employed  by  the  ducks, 
pheasants,  &a 

In  the  duck  tribe  this  method  has  probably  been  adopted 
because  of  the  size  and  large  number  of  eggs  laid.  Protective 
coloration  could  not  have  afforded  sufficient  concealment  for 
eight  or  ten  or  even  more  large  eggs.  The  amount  of  decolorisa- 
tion  varies  in  this  tribe.  In  some  instances,  as  the  eider  duck, 
the  egg  is  of  a  pale  asparagus  green,  in  others  it  has  only  a  very 
faint  greenish  hue,  whilst  in  the  shieldrake,  which  breeds  in 
holes,  the  loss  of  pigment  is  complete;  the  egg  being  of  a  *'  smooth 
shining  white." 

In  both  the  above  groups  the  whole  of  the  family  adopt  the 
same  mode  of  concealment,  but  why  should  the  eggs  of  the 
pheasants  and  partridge  be  correct,  whilst  those  of  the  grouse 
are  laid  openly?  The  two  former  birds  breed  in  sheltered  woods 
and  hedgerows,  the  latter  on  bleak  and  exposed  moors.  If  the 
grouse  covered  its  eggs  with  dead  vegetable  material  it  would 
soon  be  carried  away  by  the  strong  winds  which  sweep  over 
the  moors. 

3.  jEggs  covered  by  an  incrustation  of  calcareous  matter. 

Only  three  British  birds'  eggs  are  coated  with  this  peculiar 
chalky  substance,  viz.,  the  cormorant,  the  shag,  and  the  gannet. 
The  hard  shell  beneath  is  of  a  faint  bluish -green  colour  in  the 
two  first-mentioned  species ;  in  the  last  it  is  usually  pure  white, 
but  sometimes  tinged  with  blue-green. 

Generic  Decolorisation. 

The  fact  that  certain  birds  deposit  white  eggs  in  fully  exposed 
situations  has  been  pointed  out  as  proofs  that  the  coloration 
could  have  no  reference  to  the  exposure  to  light.  But  no  notice 
has  been  taken,  as  far  as  I  am  aware,  of  the  fact  that  all  these 
instances  occur  in  families  where  the  majority  of  the  species 
breed  in  holes  or  dark  places.  In  this  case  decolorisation  must 
have  taken  place  at  a  much  earlier  period  in  the  life-history  of 
the  family  or  genus  than  io  the  preceding  instances.  They  are 
probably  descended  from  some  ancestor  which  bred  in  holes; 
and  the  change  to  open  nests  in  a  few  members  of  the  family 
taking  place  long  after  the  colouring  matter  had  disappeared 
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has  not  been  followed  hy  a  restoration  of  the  pigmentary  cover- 
ing. For  proofs  that  pigment  had  at  one  time  existed  in  these 
groups,  we  must  look  to  the  eggs  of  allied  species.  They  occur 
in  the  owls,  the  pigeons,  and  the  petrel& 

*"  There  is  a  strong  and  perfect  similarity  amongst  the  eggs  of 
the  different  species  of  owls,"  writes  Hewitson, "  which  we  could 
scarcely  expect  to  find  in  the  eggs  of  birds  which  differ  so  much 
from  each  other  in  their  mode  of  breeding.  The  eggs  of  those 
species  which  are  deposited  in  the  hollows  of  old  trees  and 
deserted  ruins,  and  those  which  are  found  on  the  bare  sod,  and 
exposed  to  the  broad  light  of  day  and  the  pelting  storm,  are 
alike  without  colour."  But  the  large  majority  of  the  species 
breed  in  dark  places,  and,  being  nocturnal  in  their  habits,  all 
have  a  tendency  to  avoid  light.  Now  their  nearest  congeners, 
the  harriers,  which  link  their  family  with  the  Falconidse,  bear  a 
close  resemblance  to  them  in  many  points,  e.^.,  the  loose  and 
flocculent  character  of  the  feathers,  and  the  circular  arrange- 
ment of  those  about  tbe  face  ;  and  the  affinity  on  comparing  the 
skeletons  of  each  is  most  decided.  In  the  coloration  of  the 
eggs  also  the  resemblance  exists,  the  eggs  of  the  harriers  being 
white,  or  sometimes  a  palia  skim-milk  colour,  more  rarely  spotted 
and  smeared  with  brown. 

All  the  Columbidae,  or  pigeon  tribe,  lay  two  pure  white  oval 
eggs.  All,  however,  lay  in  crevices  in  rocks,  hollow  trees, 
deserted  rabbit  burrows,  or  dense  thick  trees  or  bushes.  This, 
together  with  the  fact  that  the  nests  of  the  arboreal  members 
are  crude  platform-like  structures,  quite  unlike  those  of  any 
other  bird,  show  that  they  are  descended  from  an  ancestor  which 
bred  in  holes.  One  of  the  Australian  ground  pigeons  is  said  to 
lay  buff-coloured  eggs.  The  nearest  ally  to  this  order,  Pallas' 
sand  grouse,  lays  three  oval  eggs,  similar  to  a  pigeon's,  but 
coloured  like  a  plover's. 

The  petrels  are  all  more  or  less  nocturnal  in  their  habits,  and 
all  lay  white  eggs.^  The  fulmar  deposits  its  egg  openly,  on 
ledges  on  the  cliffs,  but  the  other  members  of  the  group  lay  in 
crevices  in  the  rocks,  under  stones,  or  form  burrows  to  the  depth 

^  Since  this  was  written  Mr  Bladen  has  called  my  attention  to  a  mass  or  ring 
of  very  faint  markings  near  the  large  end  of  the  eggs  of  some  of  the  petrels. 
These,  which  appear  to  have  been  hitherto  overlooked  by  writers  on  the  subject, 
are  the  best  examples  I  have  yet  seen  of  rudimentary  pigmentation. 
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of  two  or  three  feet.  All  the  rest  of  the  Laridse  lay  richly 
coloured  eggs. 

It  will  be  seen  from  the  above  that  the  decolorisation  takes 
place  in  three  ways.  In  some — swallows,  wrens,  tits,  &c. — ^the 
ground  tint  disappears  first,  leaving  the  egg  more  or  less  thickly 
marked  with  small  light  coloured  spots ;  in  others-^starlings, 
little  auks,  &c. — the  markings  vanish  first;  while  in  a  third 
class — puffin,  hen-harrier,  &c. — both  ground  tint  and  spots  appear 
in  a  rudimentary  degree. 

In  this  paper  reference  has  only  been  made  to  the  eggs  of 
British  birds,  not  only  because  the  fauna  of  these  isles  form  a 
very  complete  and  typical  group,  but  because  the  views  adduced 
are  based  solely  on  the  study  of  thousands  of  specimens  of 
British  eggs  in  my  own  and  other  collections,  and  upon  observa- 
tions made  on  the  moors,  in  the  woods,  and  by  the  seaside. 

Evidence  has  been  brought  forward  to  show  that  the  pig'^ 
mentary  coat  on  birds'  eggs  came  into  existence  at  a  very  early 
period  in  their  life-history,  and  existed  in  the  eggs  of  the 
progenitors  of  all  the  extant  species.  It  has  also  been  shown 
that  the  range  of  colours  on  birds'  eggs  is  very  limited,  but 
follows  the  usual  course  of  pigmentary  changes ;  that  the  pig*- 
ment  is  unstable  and  variable,  making  the  process  of  change  and 
decolorisation  a  simple  one ;  and  that  its  primary  use  is  for 
protection  from  the  solar  rays,  but  that  it  afterwards  became 
modified  for  concealment 

Lastly,  it  has  been  shown  that  eggs  acquire  a  highly  developed 
pigmentary  layer,  or  lose  their  pigment  entirely,  according  to 
whether  they  are  exposed  to  the  full  glare  of  the  sun  or  laid  in 
situations  inaccessible  to  its  rays,  and  that  the  intermediate 
degrees  of  coloration  are  in  direct  ratio  to  the  amount  of  light 
to  which  the  eggs  are  exposed. 

The  two  causes  which  determine  the  coloration  of  eggs — 
protection  from  the  sun's  rays  and  concealment  from  observation 
— act  conjointly ;  they  are  not  antagonistic  like  natural  selection 
and  sexual  selection.  The  limited  range  of  colours  shows  that 
natural  selection  alone  operates.  Darwin  states  that,  in  regard 
to  structures  acquired  through  ordinary  or  natural  selection, 
there  is  a  limit  to  the  amount  of  advantageous  modification  in 
relation  to  special  ends;  but  in  regard  to  structures  acquired 
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through  sexual  selection  there  is  no  definite  limit ;  so  that,  as 
long  as  the  proper  variations  arise,  the  work  of  sexual  selection 
will  go  on.  That  the  causes  are  different  from  those  which 
produce  the  colours  of  the  birds  themselves,  is  shown  by  the  fact 
that  eggs  from  tropical  regions  do  not  surpass  in  brilliancy  of 
tint  those  of  more  temperate  climes. 


J 


THE  CONNECTION  OF  THE  OS  ODONTOIDEUM 
WITH  THE  BODY  OF  THE  AXIS  VERTEBRA.  By 
1).  J.  Cunningham,  M.D.,  Professor  of  Anatomy  and 
Chirurgery  in  the  University  of  Dublin, 

(This  paper  was  read  before  the  Biological  Section  of  the  British  Association 

in  Aberdeen,  September  1885. ) 

The  poiDt  in  conDection  with  the  os  odontoideum  which  I  have 
to  bring  under  the  notice  of  this  section  is  a  small  one,  but  still  it 
is  not  without  some  interest  and  also  morphological  significance. 

For  some  time  past  I  have  been  engaged  in  an  investigation 
into  the  curves  of  the  spinal  column  of  man  and  the  apes,  and 
in  carrying  out  this  work  I  have  made  mesial  sections  of  a  large 
number  of  frozen  human  spines.  Very  soon  my  attention  was 
attracted  to  a  small  lenticular-shaped  plate  of  cartilage,  which 
seemed  in  almost  every  case  to  be  interposed  between  the  os 
odontoideum  and  the  body  of  the  axis  vertebra.  On  all  sides 
it  was  surrounded  by  bone,  so  that  it  could  only  be  brought  into 
view  by  means  of  section.  To  obtain  a  proper  conception  of  the 
significance  of  this  cartilaginous  plate,  it  will  be  necessary  that 
we  review  some  points  in  connection  with  the  development  of 
the  axis  vertebra,  and  its  tooth-like  process. 

The  identity  of  the  os  odontoideum  with  the  absent  body  of 
the  atlas  is,  so  fully  and  satisfactorily  established,  that  it  is 
unnecessary  for  me  to  do  more  than  merely  allude  to  it. 
Whilst  this  is  the  case,  however,  in  man,  the  os  odontoideum 
and  the  body  of  the  axis  in  their  early  condition  form  one 
continuous  cartilaginous  mass,  with  no  external  marking  by 
means  of  which  the  one  can  be  distinguished  from  the  other. 
Both  are  traversed  by  the  notochord  and  the  only  evidence  of 
their  separate  nature  is  to  be  found  in  a  notochordal  swelling  or 
dilatation  at  their  point  of  junction.^ 

The  manner  in  which  this  cartilaginous  mass  is  ossified  is 

^  Robin,  Evohition  de  la  Notocorde,  Paris,  1868.  Mailer,  Ueber  dcu  vorfcommen 
von  BesUn  der  chorda  dorsalis  bcim  Menachen.  nach]  der  Cfeburtt  kc,  &c. 
ZeUschrift/Ur  rat  mcd,,  N.F.,  Bandll. 
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very  instructive.  The  body  of  the  axis  is  converted  into  bone 
by  one  primary  centre  and  aD  epiphysary  lamina,  which  is 
formed  upon  its  lower  surface.  The  os  odontoideum  ossifies  by 
two  lateral  primary  centres,  which  soon  fuse,  and  an  apical 
epiphysary  centre  for  the  summit.  The  last  undoubtedly 
represents  the  upper  epiphysary  plate  of  the  atlas  vertebra. 

The  apparent  dififerences,  then,  between  the  ossification  of  the 
OS  odontoideum  and  the  centrum  of  the  axis  on  the  one  hand, 
and  that  of  the  corresponding  parts  of  the  vertebras  lower  down 
on  the  other,  resolve  themselves  into  two. 

1.  The  absence  of  an  epiphysary  centre  for  the  lower  surface 
of  the  OS  odontoideum,  and  for  the  upper  surface  of  the  body  of 
the  axis  vertebra. 

2.  The  double  primary  centre  which  appears  for  the  ossifica- 
tion of  the  odontoid. 

Both  of  these  discrepancies  can  be  more  or  less  easily 
explained.  With  regard  to  the  first,  Macalister  ^  has  described 
both  of  the  absent  epiphysary  plates  as  being  present  in  the  axis 
vertebra  of  the  Balomaptera  rostrcUa,  and  he  likewise  states  that  in 
some  cases  they  can  also  be  detected  in  man.  Further, 
Humphry  has  observed  and  figured  one  of  the  absent  nuclei  in 
the  rabbit.* 

The  second  point  of  di£ference  is  more  difficult  to  understand. 
It  is  true  that  many  anatomists  deny  the  double  character  of 
the  odontoid  centre ;  they  see  no  material  difference  between 
this  centre  and  that  of  the  other  vertebral  bodies.  Thus 
Gegenbaur,  Henle,  and  Blandin  give  expression  to  this  view,  and 
Robin  ^  insists  strongly  upon  it.  It  is  a  conclusion,  however, 
which  we  cannot  adopt  On  the  other  side  we  range  Meckel, 
Luschka,  Sappey,  Cruveilhier,  Quain,  Macalister,^  and  several 

^  Macalister,  Jour.  Anat.  and  Physiology,  vol.  iii.  p.  64. 

"  Humphry,  The  Human  SkeletOTi. 

'  Qegenbanr,  Lehrbuch  d&r  AnatomU  de$  Menachen,  1883.  Henle,  Hand- 
hueh  der  AjicUomie  des  Menachen;  ErsU  AbtheHwngj  Knochenlehre,  1871. 
Blandin,  iVoui^ai^a;  ^lemenis  d^ Anatomief  1838,  vol.  1.  p.  39.  Robin,  "Sorle 
d^veloppment  de  vert^bres,"  Jour.  (TAnat.  et  Phya.,  Paris,  1864. 

*  Meckel,  Deaeriptiva  and  Pathologioal  Anatomy  (translated  by  A.  S.  Doane), 
1839.  Luschka,  Die  Anatomie  des  Menachen,  Erater  Band,  p.  82, 1868.  Sappey, 
TraiU  d^Anatomie,  Tome  premier,  p.  812,  1876.  Cruveilhier,  Anatomie 
deacriptive,  1871,  vol.  i.  p.  73.  Quail's  Anatomy,  9th  edition.  Macalister,  loc 
dL 
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others,  all  of  whom  believe  in  the  originallj  doable  condition  of 
the  odontoid  ossific  centre.  In  support  of  this  I  may  bring 
under  the  notice  of  the  section  an  extremely  interesting  specimen 
of  an  axis  vertebra,  from  the  Pathological  Museum  in  Trinity 
College,  Dublin,  in  which  the  os  odontoideum  is  doable.^  In  other 
words  there  are  two  distinct  odontoid  processes  springing  from 
the  upper  surface  of  the  body  of  the  axis  vertebra.  Such  a  con- 
dition could  only  have  been  produced  by  the  presence  of  two 
ossific  centres  which  have  failed  to  unite. 

Granting,  theo,  the  double  centre  for  the  odontoid,  how  can 
this  deviation  from  what  is  generally  considered  to  be  the 
typical  mode  of  ossification  of  a  vertebral  body  be  accounted  for. 
Humphry  has  offered  the  best  solution  of  the  question.  It  is 
not  uncommon  to  find  one  or  more  vertebral  centra  cleft  into 
two  lateral  parts,  clearly  showing  that  they  have  been  ossified 
from  two  centres.  The  very  specimen  to  which  I  have  alluded 
is  an  example  in  point,  because  not  only  is  the  odontoid  bone 
cleft  into  two,  but  so  also  is  the  body  of  the  axis.  In  view  of 
abnormalities  of  this  kind,  Humphry  has  been  led  to  suppose  it 
possible  for  the  ossification  of  a  vertebral  body  to  take  place 
by  two  twin  centres  which  fuse  almost  immediately  after  their 
appearance. 

For  a  considerable  time  the  os  odontoideum  is  separated  from 
the  body  and  pedicles  of  the  axis  vertebra  by  a  layer  of  cartilage. 
It  is  essential  that  we  should  study  the  change8  which  this 
plate  of  cartilage  undergoes.  The  accounts  given  of  these  by 
different  authors  are  at  utter  variance  with  each  other 

According  to  Henle,^  Cruveilhier,^  and  Quain,^  we  are  led  to 
believe  that  the  cartilage  disappears  at  the  third  year,  and  that 
the  osseous  union  of  the  odontoid  and  axis  vertebra  is  then 
complete ;  according  to  Sappey  ^  and  Robin  ^  the  union  is  accom- 
plished more  slowly,  and  is  not  perfected  untQ  the  sixth  or 
seventh  year ;  Humphry,  on  the  other  hand,  delays  the  consoli- 
dation until  puberty. 

The  observations  which  I  have  made  on  this  point  would 
seem  to  indicate  that  it  is  not  until  old  age  is  attained  that 

^  This  specimen  bAB  been  figured  and  described  in  its  pathological  aspects  by 
Prof.  Bennett  in  the  Trans,  Path,  Soe.  Dublin,  vol.  vii.  p.  117. 
*  Loc  gU, 
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complete  obsbous  union  between  the  os  odontoideum  and  the 
body  of  the  axis  takes  place. 

In  sixteen  out  of  eighteen  axis  vertebrae  which  were  obtained 
in  the  Trinity  College  practical  anatomy  room,  without  reference 
to  age  or  sex,  a  small  disk  of  cartilage  was  found  on  sectioo,  mark- 
ing the  line  of  separation  between  the  odontoid  and  the  second 
vertebra.  In  dealing  with  dissecting  room  subjects,  it  is  ex- 
tremely difficult  in  Dublin  to  obtain  reliable  information  regard- 
ing the  age  of  any  particular  individual.  Three  of  the  specimens 
examined  I  have  been  obliged  to  eliminate,  as  t  was  quite  unable 
to  arrive  at  any  knowledge  of  the  age  of  the  subjects  from  which 
they  were  taken.  Of  the  remaining  fifteen  (which  include  the 
two  bones  in  which  the  cartilage  is  absent)  I  was  only  able  to 
ascertain  the  precise  age  of  two ;  whilst  in  the  case  of  the  others 
notes  were  made  of  the  probable  age  of  the  subjects  as  they 
came  in. 

The  fifteen  vertebra  which  remain  may  be  divided  into  three 
groups  according  to  their  age. 

Group  I. — Aom  vertebroe  obtained  from  subjects  varyiTig  from 
tweTUy-four  to  fifty  years  of  age, — This  group  comprises  six 
vertebrae — two  from  females  and  four  from  males.  The  youngest 
specimen  was  taken  from  a  girl  of  about  twenty-four  years  old  ; 
the  others  were  obtained  from  subjects  varying  in  age  from  forty 
to  fifty.  In  all  the  members  of  this  group  the  cartilaginous 
plate  was  present.  In  sagittal  section  its  average  length  was  4 
mm.,  and  its  average  thickness  2  mm. 

Group  II. — Axis  vertebrae  obtained  from  subjects  varying  in  age 
from  fifty  to  siocty  years. — In  this  group  there  are  only  three 
specimens — all  from  females.  In  each  the  plate  of  cartilage  is 
present,  and  its  average  dimensions  are  the  same  as  in  Group  I. 

Group  III. — Age  ranging  from  sixty  to  seventy  years. — Six 
specimens — two  males  and  four  females.  lo  four  members  of  this 
group  the  c^irtilaginous  disc  was  present,  and  in  sagittal  section 
its  average  dimensions  were:  length,  3  mm. ;  thickness,  1^  mm. 
In  two  it  was  absent ;  one  of  these  is  marked  as  being  taken 
from  a  subject  seventy  years  old,  whilst  in  the  case  of  the  other 
the  age  was  put  down  as  sixty-five.  They  were  the  oldest 
specimens  examined. 

But  how  can  these  facts  be  reconciled  with  the  statement 

VOL.  XX,  *  Q 
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made  by  some  that  the  os  odontoidenm'  unites  to  the  axis  at  the 
third  year,  and  by  others  that  the  two  bones  are  consolidated  at 
the  seventh  year.  Both  of  these  assertions  are,  from  one  point 
of  view,  more  or  less  correct.  From  the  third  to  the  fifth  year 
the  base  of  the  odontoid  joif  s  on  each  side  with  the  pedicles 
and  the  body  of  the  axis,  obliterating  at  these  points  the  inter- 
vening cartilage.  The  middle  portion  of  the  cartilaginous  plate, 
however,  still  remains  and  extends  from  the  anterior  to  the 
posterior  face  of  the  bone.  At  the  seventh  year  (often  much 
later)  consolidation  takes  place,  first  in  front  and  afterwards 
behind,  and  the  cartilage  is  thus  entirely  cut  off  from  the  surface. 
But  the  ossific  union  is  restricted  to  the  periphery ;  the  further 
process  is  extremely  slow,  and  is  apparently  not  completed  until 
an  advanced  age  is  attained.  Bobin,  therefore,  is  in  error,  in  so 
far  as  he  has  mistaken  peripheral  consolidation  for  complete 
union.  Cruveilhier,  Henle,  and  Quain,  with  much  less  reason, 
mistake  lateral  consolidation  for  complete  union.  Humphry's 
account  of  the  ossification  of  this  bone  is  more  accurate. 
He  defers  complete  consolidation  until  puberty,  and  he  speaks 
of  a  space  which  remains  in  the  centre,  which  resembles 
the  intervertebral  spaces  seen  in  section  of  the  sacrum.  If  a 
dry  bone  be  cut  with  a  fine  saw,  this  space  can,  as  a  rule,  be 
made  out;  it  is  the  cavity  which  contained  the  cartilaginous 
plate. 

In  order  to  determine  the  nature  of  the  disk  of  cartilage  which 
persists  so  obstinately  in  the  interior  of  the  axis  vertebra,  I 
decalcified  the  specimen  I  obtained  from  the  girl  of  twenty-four, 
and  cut  the  odontoid  process  and  the  body  of  the  axis  in  the 
longitudinal  direction  for  microscopical  examination.  The 
cartilage  was  then  seen  to  be  of  the  hyaline  type  throughout 
its  entire  extent.  In  some  of  the  sections  faint  traces  of  a 
feeble  and  sluggish  ossific  process  might  be  detected  around  the 
margins  of  the  cartilage.  Not  a  vestige  of  the  notochord  could 
be  discerned.  Robin  states  that  the  notochordal  swelling,  at 
this  point,  disappears  when  ossification  sets  in,  and  that  it  is 
replaced  by  a  small  mass  of  fibro-cartilage  which  shades  off 
on  all  sides  into  hyaline  cartilage.  Henle  also  refers  to  a 
fibre -cartilaginous  layer  in  the  very  young  bone.  There  is 
not  the  slightest  appearance  of  this  in  the  sections  which  I  have 
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made  of  the  adult  bone.  This  is  strange,  seeing  that  Gbro- 
cartilage  is  generally  looked  upon  as  the  descendant  of  hyaline 
cartilage,  and  it  is  difficult  to  conceive  a  reverse  development. 

The  morphological  signiGcance  attached  to  the  obstinate 
persistence  of  this  cartilaginous  plate  in  the  axis  vertebra  of 
man  is  very  apparent : — 

1.  The  foreign  character  of  the  odontoid  bone  as  an  element 
of  the  axis  vertebra  is  more  forcibly  insisted  upon. 

2.  It  establishes  a  condition  of  the  axis  vertebra  which  is  not 
so  far  removed  from  that  of  the  Monotreme  and  Tbylacine,^  in 
which  the  union  "between  the  odontoid  and  axoid  body  is 
exceedingly  late — if  indeed  it  ever  occurs  at  all. 

3.  It  establishes  a  more  obvious  basis  for  compeurison  with 
those  reptiles  in  which  the  odontoid  persists  as  a  separate  bone. 

^  Beport  on  The  Marsupials,  by  D.  J.  Cunningham,  in  the  Reports  of  H.M.S. 
"Challenger,'*  Zoolqgy,  partxvL,  1881. 


THE  SKELETON  IN  GEOCOCCYX.  By  E.  W.  Shufkldt, 
Med.  Dept.  U.S.  Army  ;  Membr.  Am.  Ornithologists'  Union  ; 
The  Am.  Soc.  for  Psychical  Research;  Philosophical  Sac. 
of  Washington ;  Cor.  Memhr.  Soc.  Italiana  di  Antropologia 
Etnologia  e  Psicologia  Comparata,  Florence,  Italy.  (Plates 
VII.,  VIII.,  IX.) 

When  I  came  to  North-Western  New  Mexico,  early  in  the 
autumn  of  1884, 1  expected  to  enter  the  very  heart  of  the  home 
of  Oeococcyx  califomianus.  Much  to  my  surprise,  however,  after 
a  residence  of  seven  and  more  months  in  the  country,  not  a 
single  individual  of  this  species  has  rewarded  my  many  moun- 
tain and  prairie  excursions.  Not  to  be  foiled  in  securing 
specimens  of  its  skeleton  to  complete  my  papers  upon  the 
osteology  of  the  birds  of  this  country,  and  more  especially  those 
peculiar  to  it,  I  sent  a  considerable  number  of  letters  to 
collectors  in  Texas,  Arizona,  and  California.  Many  weeks  of 
patient  waiting  brought  me  answers  to  only  three  of  these,  and 
all  from  the  last  named  state.  One  said  the  bird  was  no  longer 
to  be  found  in  his  neighbourhood,  while  from  my  other  two 
correspondents  I  secured  each  a  skeleton,  but  both  informed  me 
that  owing  to  the  great  demand  on  the  part  of  collectors  for  the 
"  £oad  Runner,''  it  was  rapidly  becoming  a  rare  bird  in  localities 
where  formerly  it  was  very  abundant.  My  last  specimen,  an 
old  male,  afibrded  me  a  perfect  skeleton,  and  from  it  I  made  the 
drawings  which  illustrate  this  account,  while  the  second  bird, 
though  not  meeting  my  expectations  so  fully,  still  gave  a 
skeleton,  which  has  proved  of  great  service  to  me,  in  the  way  of 
comparison  and  verifying  points  present  in  my  type. 

The  aim  of  this  memoir  is  simply  to  give  a  full  description  of 
the  skeleton  of  Geococcyx,  and  in  it  I  will  undertake  but  few 
comparisons.  Some  day  in  the  future  it  is  my  hope  to  enter 
more  extensively  upon  the  entire  anatomy  of  this  form,  so  full 
of  interest  to  all  biologists. 

Of  the  Skull  (Plate  VIL  figs.  1,  2,  3,  and  4).— In  Geococeyx  we 
find  the  ossoous  superior  mandible  with  a  gently  curved  and 
rounded  culmen,   the  curve    increasing  very   modestly  as   it 
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approaches  the  apex.  This  part  of  the  skull  has  a  broad 
base,  being  both  deep  and  wide  in  the  rhinal  region,  while 
on  all  aspects  it  tapers  gradually  to  the  slightly  decurved 
tip.  Its  buccal  surface  is  flat,  with  cultrate  edges  some- 
what raised  above  the  general  plane  behind.  Posteriorly, 
this  face  is  encroached  upon  by  the  palatines  and  maxillo- 
palatines.  Turning  to  the  lateral  surfaces  of  this  mandible 
(fig.  1)  we  find  them  for  the  most  part  to  be  slightly  convex 
throughout  their  extent ;  the  only  exception  to  this  being  seen 
in  the  depressions  which  are  found,  one  over  each  of  the  scale- 
like projections  that  close  the  hinder  two-thirds  of  either  nostril. 
These  last  mentioned  openings  are  of  a  sub-elliptical  outline, 
placed  longitudinally  nearer  to  the  edge  of  the  beak  than  its 
culmen,  and  just  posterior  to  its  middle.  They  do  not  directly, 
communicate  with  each  other,  but  are  external  apertures,  in  this 
bird,  of  osseous  tubes,  one  on  either  side,  which  are  produced 
backwards  nearly  to  the  rhinal  chamber,  being  encased  in  the 
loose  osseous  spongy  mass  that  almost  fills  the  otherwise 
hollow  superior  mandible  of  Oeococcyx. 

The  cranio-facial  hinge  enjoys  considerable  mobility,  and  its 
position  is  clearly  indicated  by  a  transverse  track.  Mesially» 
this  region  is  depressed,  and  may  show  the  last  sutural  traces  of 
the  nasal  processes  of  the  premaxillary  therein.  Each  nasal 
bone  has  been  so  completely  met  by  the  various  surrounding 
elements,  that,  save  its  hinder  margin,  its  boundaries  are  hard 
to  define  in  the  adult  bird  (figs.  1,  3).  To  the  inner  side  of  each» 
and  jast  beyond  the  cranio-facial  track,  we  observe  on  either 
side  a  small  circular  foramen,  which  is  constant,  and  is  to  be 
found  in  like  locality  in  Ceryle}  All  three  sides  of  this  osseous 
superior  mandible  is  more  or  less  marked  by  anastomosing  vena- 
tions, and  a  few  perforating  foramina  are  always  seen  near  its 
apex. 

A  lacrymal  in  Geococcyx  is  an  unusually  large  bone,  though  a 
light  one,  due  to  its  very  open  cancellous  structure  within,  and 
its  being,  perhaps,  pneumatic  besides.  Superiorly,  it  articulates 
with  the  frontal  and  nasal,  principally  with  the  last  on  the  lateral 
aspect,  though  it  departs  from  it  some  time  before  reaching  its 

*  "  Osteology  of  Ceryle  Alcyon^"  by  the  author,  Jour,  of  Anat,  and  Physiology^ 
April  1884,  Plate  XIV.  figa.  1  and  2,  n/. 
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lowest  point,  where  a  slit-like  interval  is  seen  between  the  two 
bones.  Below,  its  broad  roanded  margin  is  placed  obliquely,  its 
outer  and  at  the  same  time  posterior  end,  resting  upon  the  upper 
side  of  the  maxillary,  while  its  inner  and  anterior  end  being 
elevated  just  above  the  superior  surface  of  the  corresponding? 
palatine. 

The  posterior  aspect  of  the  lacrymal  is  concave  from  above 
downwards,  in  conformity  with  the  somewhat  globular  concavity 
of  the  orbit,  while  anteriorly  it  is  correspondingly  convex  in  the 
same  direction.  It  lies  in  front  of  the  broad,  quadrilateral 
ethmoidal  wing  which  overlaps  it,  the  two  forming  a  very 
complete  partition  between  the  orbit  and  rhinal  chamber ;  the 
bone  under  consideration  closing  the  outer  third  of  the  space. 

The  ethmoidal  wing,  the  form  of  which  I  have  just  given,  is 
pierced  above,  immediately  beneath  the  frontal  bone,  by  two 
elliptical  foramina,  the  inner  one  being  the  larger,  and  both 
being  placed  vertically.  They  probably  transmit  the  olfactory 
nerve  and  vessels  to  the  rhinal  space. 

This  "  pars  plana "  has,  like  the  lacrymal,  also  a  somewhat 
cancellous  internal  structure,  the  plate  being  moderately  thick. 
Its  lower  and  outer  margins  are  concave  and  smoothly  rounded  off. 

The  expanded  anterior  extremity  of  a  maxillary  is  immov- 
ably sandwiched  in  between  the  nasal  above,  and  the  posterior 
dentary  process  of  the  premaxillary  beneath.  Its  rod-like 
extension  behind  forms  about  the  anterior  third  of  the  very 
straight  quadrato-jugal  bar.  The  horizontally  expanded  end 
alluded  to  is  quite  ample,  and  may  be  perforated  by  numerous 
foramina.  Its  maxillo-palatine  development  will  be  described 
when  speaking  of  the  under  side  of  the  skull. 

The  remainder  of  the  quadrato-jugal  bar  becomes  gradually 
larger  and  club-shaped  as  it  nears  the  quadrate  bone,  to  rather 
abruptly  turn  inwards  as  it  reaches  it,  and  is  inserted  in  a 
vertical  notch  in  the  nsual  apophysis  of  that  element,  which 
projects  directly  outwards  to  meet  it  (fig.  3). 

With  respect  to  the  quadrdtey  we  find  that  its  orbital  process 
is  very  broad  and  flat,  being  at  the  same  time  very  short  The 
body  of  the  bone  is  also  broad,  while  its  mastoidal  apophysis  is 
twisted  in  a  way  common  to  many  other  birds,  and  supports  at 
its  summit  two  articular  heads  with  a  distinct  valley  between 
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them.  At  the  inferior  aspect  of  the  maadibular  foot,  there  Bxp 
two  condyles  for  articulation  with  the  lower  jaw.  The  inner  and 
smaller  of  these  is  hemi-ellipsoidal  in  form,  with  its  major  axis 
in  the  same  straight  line  that  constitates  the  longitudinal  axis  of 
the  corresponding  pterygoid.  If  this  axis  be  produced  the  other 
way,  it  is  found  to  be  at  right  angles  to  the  long  axis  of  the  other 
and  larger  facet  of  the  mandibular  foot  of  the  quadrate.  Kather 
a  broad  notch  separates  these  two  condyles  from  each  other. 

The  quadrate  is  a  thoroughly  pneumatic  bone,  and  a  large 
foramen  is  always  found  upon  its  posterior  aspect  half-way 
between  the  mastoidal  head  and  the  mandibular  foot 

Both  the  sphenotic  and  mastoid  processes  are  well  developed 
in  this  bird ;  they  are  of  about  an  equal  size,  the  first  being 
directed  downwards,  and  the  last  downwards  and  forwards. 
Between  them,  and  carried  well  to  the  rear,  is  a  sharply  defined 
and  rather  deep  crotaphyte  fossa.  It  is  separated  from  a  like 
depression  of  the  opposite  side,  by  an  interval  of  one  and  a 
half  centimetres.  These  crotaphyte  fossae  are  fully  as  well 
marked  in  Geococcyx  as  they  are  in  many  of  the  Laridce, 
and  better  than  they  are  in  some  members  of  that  group 
of  birds,  better  for  instance  than  they  are  in  Ghroicoaphalvs 
philaddphia. 

Owing  to  the  great  breadth  of  the  frontals,  the  orbit  is  com- 
pletely sheltered  above  by  an  arching  roof;  the  outer  periphery 
of  which  is  concave  inwards,  and  bounded  by  a  sharp  edge. 
This  orbital  vault  usually  shows  posteriorly  a  few  perforating 
foramina. 

The  rostrum  of  the  sphenoid  is  pneumatic  and  rounded  for  its 
entire  length  beneath.  It  barely  extends  beyond  the  broad 
ethmoidal  wings  in  front,  and  ascends  but  little  as  it  proceeds 
in  that  direction. 

The  inter-orhUal  septum  is  a  thin  partition  of  bone,  which 
always  possesses  a  considerable  quadrilateral  vacuity  near  its 
centre.  This  usually  merges  with  the  foramen  for  the  exit  of 
the  optic  nerves  (fig.  1),  while  the  small  foramen  for  the  exit  of 
the  ocidi-motor  remains  distinct 

As  might  be  expected  from  what  has  already  been  said  about 
the  orbit,  we  find  its  hinder  wall  also  very  broad,  and  generally 
concave  forwards.    At  its  usual  site  a  distinct,  irregular  foramen 
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of  some  size  is  fouDd  for  the  exit  of  the  olfactory  nerve,  and  this 
branch  passes  forwards  in  the  living  bird  in  a  shallow  channel  on 
the  inter-orbital  septum  beneath  the  frontal,  for  its  entire  length, 
where  these  two  elements  are  united.  It  leads  to  the  inner 
and  larger  of  the  two  foramina  that  were  described  above,  as 
occurring  over  the  pars  plana. 

Before  leaving  this  side  view  of  the  skull,  it  will  be  as  well  to 
notice  the  large,  luniform  sesamoid  that  occurs  in  the  ligament 
that  passes  from  the  quadrato-jugal  to  the  binder  border  of  the 
articular  cup  of  the  mandible.  This  sesamoid  is  present  on 
both  sides,  and  in  all  the  skulls  of  Oeococcyx  that  I  have  ever  had 
the  opportunity  of  examining. 

On  the  superior  view  of  the  skull  we  are  to  note  the  form  of 
bony  lamina  that  partially  close  in  the  external  narial  openings 
from  behind;  the  position  of  the  two  small  circular  foramina 
beyond  the  cranio-facial  hinge ;  and  this  fronto-lacrymal  region 
generally.  From  this  aspect,  we  also  see  the  small  foramina  that 
pierce  on  either  side  the  orbital  roofs  behind.  Mesially,  and 
between  these  latter,  a  shallow,  longitudinal  groove  marks  the 
cranial  vault.  Posterior  to  this  again  we  find  a  smooth,  globular, 
and  ample  parietal  region.  The  crotaphyte  fossae  may  likewise  be 
discerned  from  this  upper  aspect,  and  a  glimpse  obtained  of  the 
supra-occipital  prominence.  It  is  alsouseful  in  showing  the  manner 
in  which  the  quadrato-jugals  articulate  with  the  quadrates. 

Viewing  the  skull  of  Geococcyx  from  beneath,  we  find,  an- 
teriorly, the  broad,  flat  surface,  already  spoken  of,  which  forms 
the  lower  face  of  the  superior  mandible  (  fig.  4). 

Following  this  back  we  come  to  an  elongated  median  vacuity, 
that  separates  the  anterior  terminations  of  the  maxillo-palatines. 
This  aperture  has  irregular,  jagged  edges,  and  through  it  we  may 
see  some  of  the  open,  spongy  bone  tissue  that  partially  fills  the 
hinder  portion  of  the  core  of  the  superior  mandible.  At  the 
sides,  the  posterior  processes  of  the  dentary  parts  of  the  pre- 
maxillary  overlap  the  maxillaries.  They  are  long  and  triangular, 
with  their  apices  to  the  rear. 

Returning  to  the  maxUlo-palcLtines  we  find  them  to  be,  upon 
this  aspect  of  the  skull,  two  very  sizeable,  elongated,  subcylindri- 
cal  masses,  composed  of  an  internal  spongy  tissue,  but  encased 
in  an  outer  covering  of  an  extremely  thin  layer  of  compact 
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tissues.  They  lie  parallel  to  each  other,  and  bo  the  median  plane, 
nearly  filling  the  interpalatine  space.  Anteriorly,  they  are 
separated  by  the  vacuity  already  described,  while  behind  their 
free  and  rounded  extremities  slightly  divei^  from  each  other, 
they  being  in  contact  in  the  median  line  for  the  middle  thirds  of 
their  lengths  (fig.  4).  From  their  upper  sides  is  developed  a 
mass  of  open,  spongy  tissue ;  this  is  continuous  with  a  similar 
structure  that  is  found  within  the  superior  mandible ;  it  reaches 
out  on  either  side,  to  abut  against  the  inner  surfaces  of  the 
nasals ;  it  joins  the  horizontal  plates  of  the  maxillaries,  and 
finally  supports  a  median  vertical  plate  of  bone  that  stands 
just  beyond  the  rhinal  chamber  proper,  this  latter  space  being 
free  from  its  encroachment,  as  it  is  from  any  development  of  the 
ethmoid  behind,  beyond  its  lateral  wings. 

The  anterior  half  of  either  pcUcUvfie  is  quite  a  broad,  flat, 
horizontal  plate,  the  distal  end  of  which  indistinguishably  fuses, 
and  is  directly  continuous  with  the  horizontal  portion  of  the 
premaxillary.  To  its  inner  side  also,  in  this  locality,  it  com- 
pletely anchyloses  with  the  corresponding  maxillo-palatine  (fig. 
4).  For  the  most  part,  however,  its  inner  and  outer  edges  are 
free,  not  coming  in  contact  by  the  inner  one  with  the  maxillo- 
palatine,  though  it  is  parallel  to  it,  and  separated  by  an  ex- 
tremely narrow  interval,  while  its  outer  one  neither  touches  the 
lacrymal  nor  the  maxillary,  but  occupies  a  plane  inferior  to  both. 

The  posterior  half  of  a  palatine  also  lies  mainly  in  the 
horizontal  plane,  but  its  under  surface  is  a  concave  one,  and  its 
upper  correspondingly  convex.  Its  outer  free  edge,  directly 
continuous  with  the  outer  edge  of  the  anterior  half  of  the  bone, 
sweeps  by  a  gentle  curve  round  the  "  postero-external  angle " 
of  the  palatine  to  its  head.  ^ 

^  ProfessorHnxley,mhi8"Classificationof  Birds ''(iVoc.ZooZ.iS'oc.,  April  11, 1867, 
p.  444)  says: — **  In  Oeococcyx  the  principle  of  construction  is  quite  the  same  [as  it  is 
in  OuctUus  caiwrua],  bat  the  postero-external  angles  of  the  palatines  are  distinctly 
indicated."  In  the  two  ezceUent  skulls  of  adult  specimens  of  this  bird  before 
me,  as  well  as  those  I  examined  in  the  collection  of  the  Army  Medical  Museum 
at  Washington,  the  postero-external  angles  are  rounded  off  in  the  manner  above 
described,  and  the  presence  of  a  process  is  in  no  way  indicated  whatever,  and  I 
must  believe  Professor  Huxley  had  in  hand,  the  time  he  penned  the  words  I 
have  quoted,  an  imperfect  and  perhaps  broken  skull  of  Geococq/x.  (See  also  my 
remarks  upon  this  point  in  my  "  Osteology  of  CeryU  alq/on/^  Jour,  of  AncU.  wnd 
Phya.,  April  1884,  p.  289). 
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The  inner  free  edge  o(  the  bone  extends  from  the  head  to  the 
apex  of  a  small  pointed  process  in  front.  For  nearly  its  entire 
length  it  is  parallel  to  the  corresponding  edge  of  the  palatine  of 
the  opposite  side,  from  which  it  is  separated  by  an  interval  of 
something  like  a  millimetre  or  rather  more.  From  this  edge 
the  surface  curves  outwards  and  back,  forming  the  ^  ascending 
process  "  of  the  palatine.  This  terminates  in  another  longitudinal 
straight  margin,  which  is  applied  to  the  corresponding  one  of 
the  opposite  palatine,  and  both  unite  to  form  the  usual  groove 
at  their  upper  aspects  for  the  rostrum  of  the  sphenoid.  These 
latter  opposed  edges  also  extend  from  the  palatine  heads,  likewise 
in  contact  mesially,  to  a  common  anterior  process.  This  latter 
is  nearly  opposite  the  anterior  end  of  the  rostrum,  and  from  its 
extremity  in  front  projects  a  free,  needle-like,  and  rudimentary 
vomer,  of  some  four  millimetres  in  length.  It  does  not  come  in 
contact  with  the  maxillo-palatines,  but  lies  above  the  interval 
formed  by  their  slightly  diverging  posterior  extremities,  and  is 
freely  articulated  with  the  palatines  at  the  point  from  which  it 
springs,  and  in  the  manner  described.  This  diminutive  vomer  is 
equally  well  developed  in  both  my  specimens  of  Oeococcyx. 

A.  pterygoid  is  a  nearly  straight  and  slender  bone,  and  shows 
not  the  slightest  evidence  of  the  development  on  its  shaft  of  an 
apophysis,  and  indeed  there  is  no  necessity  for  such,  as  the  basi- 
pterygoidal  processes  are  entirely  absent  in  this  bird ;  and  the 
pterygoids  when  in  situ  occupy  a  lower  plane  than  the  basi- 
temporal  region,  as  well  as  being  at  some  distance  in  front  of  it. 

These  bones  articulate  with  each  other  anteriorly  and  with 
the  opposed  palatines  ;  from  this  point  they  diverge  at  au  angle 
of  about  So"",  each  to  meet  the  usual  facet  upon  the  correspond- 
ing quadrate  at  the  base  of  the  inner  and  smaller  condyle  on 
that  bone. 

The  had'temporal  region  is  elevated  above  the  prominent  and 
raised  boundaries  of  the  auricular  apertures ;  it  is  narrow  and 
smooth  and  lies  for  the  most  part  in  the  horizontal  plane.  In 
frout  it  presents  for  our  examination  a  thin  tip  of  bone,  arching 
over  the  common  aperture  of  the  Eustachian  tubes. 

Beyond  this  it  contracts  to  form  the  sphenoidal  rostrum,  a 
considerable  portion  of  which  is  unoccupied  before  we  reach 
the  pterygoidal  heads.    This  allows  these  bones  not  a  little 
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backward  play  in  the  recent  specimen,  en  action  which  is  quite 
possible  from  the  more  than  ordinary  mobility  enjoyed  on  the 
part  of  the  cranio-facial  hinge. 

Either  external  auricular  conch  is  a  capacious  fossa,  well- 
defined  by  a  raised  and  bounding  thin  wall  of  bone,  with  its  free 
edge  curled  in  all  around.  At  the  base  of  either  of  these  fossae,  we 
see  strong  osseous  trabeculse  converging  to  a  point  near  the 
centre,  to  support  the  double  concave  facet  for  the  mastoidal 
head  of  the  quadrate.  These  stand  between  the  Eustachian 
entrance  and  the  passage  to  the  middle  ear. 

If  the  plane  of  the  basis  cranii  be  produced  posteriorly,  and 
the  plane  of  the  occiput  and  foramen  magnum  extended  to  meet 
it,  we  find  the  latter  makes  an  angle  with  the  first  mentioned 
plane  of  about  48"^,  while  the  long  axis  of  the  fairly  well- 
developed  supraoccipital  prominence  would  be  perpendicular  to 
it  Inform  the  foramsn  magnum  is  broadly  cordate  with,  its 
apex  above ;  the  occipital  condyle  at  its  lower  margin  is  small, 
sessile,  and  hemispherical  in  outline,  being  so  placed  as  to 
encroach  upon  the  foraminal  periphery  for  about  one-third  of 
the  condylar  arc. 

Points  of  interest  within  the  brain-case  are  seen  in  the 
presence  of  a  strongly  marked  longitudinal  sinus,  and  the 
unusual  thickness  of  the  walls  of  the  sella  turcica;  its  fossa, 
though  deep,  being  quite  small,  while  at  its  base  we  find  a 
double  entrance  for  the  carotida 

As  a  whole,  the  skull  of  Oeococcyx  is  a  delicate  and  a  very 
light  structure  for  its  size,  air  gaining  thorough  access  to  most 
of  its  parts. 

The  mundible  (figs.  1  and  2),  seen  from  superior  aspect,  has 
the  typical  V-shaped  form,  with  an  extensive  symphysis,  which 
is  scooped  out  longitudinally  above.  Either  ramus  is  not  deep 
in  the  vertical  direction,  while  its  upper  and  lower  margins  are 
prominent  and  rounded,  the  former,  however,  becoming  sharp  as 
it  approaches  the  symphysis,  which  condition  is  sustained  to  the 
mandibular  apex. 

The  ramal  vacuity  is  large  and  occupies  its  most  usual  site; 
in  outline  it  is  an  elongated  ellipse,  but  its  anterior  third  is 
encroached  upon  by  a  thin  plate  developed  on  the  part  of  the 
dentary  element.     An  articular  end   is   considerably  concave 
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above;  and  preaents  two  facets  for  the  condyles  of  the  quadrate ; 
its  inturned  process  is  much  tipped  up,  while  the  usual  pneu- 
matic foramen  is  seen  near  its  apex.  Below,  its  convexity  con- 
forms with  the  concavity  of  the  articular  excavation  at  its  upper 
side,  and  its  angle  behind  is  obliquely  truncate  from  above 
downwards  in  the  forward  direction. 

Beyond  an  articular  end,  on  the  superior  ramal  border,  wo 
find,  on  either  side,  the  coronoid  process  but  feebly  developed, 
and  single. 

When  the  osseous  mandible  is  articulated  in  situ  with  the 
remainder  of  the  skull,  its  tip  does  not  extend  quite  so  far  for- 
wards as  does  the  apex  of  the  superior  osseous  beak,  a  condition 
present  in  the  skulls  of  most  GoracomorphoB  and  other  groups. 

In  the  hyoidean  apparatus  (fig.  8)  we  find  fully  the  anterior 
two-thirds  of  the  glosso-hyal  represented  by  a  thin  stripe  of 
cartilage ;  while  behind,  where  it  ossifies  in  front,  the  usual 
median  foramen  is  seen,  having  an  elliptical  outline.  Posterior 
to  this,  on  either  side,  the  strongly  marked  cerato-hyals  project 
outwards  and  backwards. 

First  and  second  basi-branchials  do  not  anchylose  with  each 
other,  the  former  being  short  and  thick,  the  latter  about  half 
as  long  again,  and  tipped  off  behind  with  cartilage. 

The  elements  of  the  thyro-hyals  are  long  and  slender,  they 
likewise  terminate  in  cartilaginous  tips,  and  curve  up  behind  the 
skull  in  the  manner  most  usual  among  birds. 

Of  the  remainder  of  the  Axial  Skeleton — The  Vertebral  Column. 
— This  column  presents  us  with  eighteen  movable  vertebrae  before 
we  arrive  at  the  consolidated  pelvic  sacrum.  This  latter  contains 
eleven  more  segments,  thoroughly  united  together  and  firmly 
joined  to  the  iliac  bones.  Finally,  we  find  five  vertebrae  and 
a  large  pygostyle  in  the  skeleton  of  the  tail  of  Oeococzyx, 

In  the  cervical  region  we  pass  twelve  vertebrae  before  we  come 
to  the  first  one  of  the  series  that  bears  a  pair  of  free  ribs ;  the 
thirteenth  and  fourteenth  both  possessing  these  appendages,  and 
in  both  they  are  well  developed,  though  nob  reaching  the  sternum, 
through  the  intervention  of  costal  ribs.  The  pair  on  the  four- 
teenth vertebrae  has  the  epipleural  processes  fully  as  large  as 
they  are  in  the  dorsal  series ;  they  are  absent  entirely,  however, 
on  the  Grst  pair  of  free  ribs. 
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Beturning  to  the  atlas  we  find  this  segment  rather  delicately 
constructed,  though  assuming  the  form  the  bone  usually  offers 
among  Passerine  birds.  Its  neural  arch  is  narrow  antero-pos- 
teriorly,  though  the  canal  is  capacious.  A  perforation  is  seen  at 
the  base  of  the  articular  cup  for  the  occipital  condyle,  which 
cuts  through  the  superior  margin  of  this  little  concavity.  The 
centrum  is  small  and  does  not  develop  anything  that  might  be 
called  an  hypapophysis.  On  the  aods  vertebra  we  note  the 
presence  of  a  low,  tuberous,  neural  spine,  occupying  the  entire 
central  portion  of  the  arch,  while  posteriorly  on  the  under  side 
of  the  centrum  a  feebly  pronounced  hypapophysis  is  seen.  The 
odontoid  apophysis  is  small  and  short*  as  compared  with  other 
features  of  this  vertebra,  a  fact  no  doubt  due  to  the  lack  of 
depth  in  the  atlas.  At  either  side  of  the  centrum  we  observe  a 
delicate  and  vertical  spicula  of  bone,  which  completely  arches 
over  the  vertebral  vessels,  constituting  the  last  remnants  of  the 
lateral  canal  at  this  extremity  of  the  column.  This  condition  is 
often  met  with  among  the  Anatidce  in  the  axis  vertebra  of  those 
birds. 

The  postzygapophyses  are  directed  backwards  and  outwards, 
and  are  very  powerfully  developed,  more  so  than  in  any  of  the 
first  nine  or  ten  vertebrae  of  this  portion  of  the  column.  The 
facets  they  bear  for  articulation  with  the  extremities  of  the 
prezygapophyses  of  the  third  segment  are  at  their  under  side 
about  the  middle. 

On  the  third  and  fourth  vertehrce  we  also  find  a  low  neural 
spine  placed  at  the  centre  of  either  bone,  while  the  hypapophysis 
is  becoming  reduced  in  these  segments,  to  disappear  entirely  in 
the  fifth  vertebra.  These  vertebrae,  as  in  so  many  of  the  class, 
have  their  zygapophysial  processes  joined  by  a  spanning  lamina 
of  bone,  which  in  either  case,  and  on  either  side,  is  pierced  near 
its  middle  by  a  small  elliptical  foramen,  of  the  greater  size  in 
the  fourth  vertebra. 

The  lateral  canals  occupy  rather  more  than  the  anterior  halves 
of  the  sides  of  the  centra,  and  the  processes  that  project  from 
the  under  aspects  of  their  free  margins  behind  are  short,  and 
each  is  separated  by  a  considerable  interval  from  its  fellow  of 
the  opposite  side.  This  great  inferior  width  of  the  cervical 
vertebra  is  a  characteristic  feature  of  these  segments  in  Qeoeoccyx, 
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and  is  well-sustamed  throughoat  the  series,  until  we  come  to 
the  free  rib-bearing  ones,  when  a  gradaal  contraction  takes 
place  as  we  pass  into  the  dorsal  region.  But  even  here  the 
segments  are  comparatively  broader  in  their  transverse  diameters 
than  we  often  find  them. 

In  the  fifth  vertebra  the  neural  spine  is  placed  further  forwards 
on  the  bone,  but  is  very  small ;  it  is  absent  in  the  sixths  or  only 
faintly  indicated,  and  it  does  not  appear  in  the  series  again  until 
we  find  it  as  a  pronounced  crest  on  the  fifteenth  segment.  Some- 
times, however,  a  low,  tuberous  elevation  marks  its  site  in  the 
few  ultimate  cervicals.  , 

Prezygapophyses  in  the  fifth  vertebra  stand  almost  directly 
outwards,  while  the  postzygapophyses  very  prominently  point  to 
the  rear.  Little  modification  takes  place  in  the  former  of  these 
processes  as  we  examine  the  succeeding  vertebrae,  their  general 
direction  remaining  about  the  same,  but  the  articular  facets  they 
bear  face  more  and  more  towards  the  median  plane  as  we 
proceed  backwards.  With  the  postzygapophyses,  however,  the 
case  is  otherwise,  for  as  we  descend  the  cervical  series  we  find 
these  become  gradually  shorter  and  stouter,  with  a  wider 
divergence,  while  their  facets,  from  facing  downwards  and 
outwards,  come  to  look  almost  directly  downwards. 

We  find  strongly  marked  metapophyses  surmounting  the 
bases  of  the  postzygapophyses  in  the  sixth  to  the  ninth  cervical 
vertebrae  inclusive ;  after  that  they  disappear,  and  are  but  feebly 
reproduced  in  the  dorsals,  where  they  occur  on  the  superior 
aspects  of  the  ends  of  the  transverse  processes. 

On  the  fifth  cervical  vertebra  the  lateral  canal  is  at  its 
forward  part,  appropriating  about  the  anterior  moiety  of  the 
entire  centrum.  Its  outer  wall  may  show  a  slight  perforation, 
while  the  parapophyses  which  project  from  it  behind  are  on 
either  side  a  short  and  needle-like  spine.  As  we  pass  down  the 
series  this  perforation  becomes  larger  and  larger,  until  in  the 
tenth  vertebra  it  has  broken  through  the  hinder  free  margin  of 
the  lateral  canal  and  disappeared,  leaving  in  the  segment  only  a 
shorter  passage,  and  a  deep  concave  notch  indicating  its  site. 
Pari  passu  with  this  change,  the  parapophyses  and  pleura- 
pophyses  pass  through  the  usual  evolution  in  that  direction,  to 
result  in  the  perfect  and  free  pair  of  ribs  found  in  the  thirteenth 
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vertebra.  Faint  beginnings  of  a  carotid  canal  are  also  seen  in 
the  fifth  vertebra,  in  the  presence  of  a  shallow  excavation  at  the 
anterior  end  of  the  under  side  of  segment  This  becomes  better 
and  better  marked  to  include  the  tenth  vertebra,  where  this 
canal  is  moderately  well  protected  by  lateral  walls,  but  in  none 
of  the  series  does  it  become  a  closed  passage  as  in  some  other 
birds.  In  the  eleventh  vertebra  its  place  is  taken  by  a  strong, 
single,  and  median  hypapophysis. 

This  latter  feature  becomes  faintly  tricomuate  in  the  twelfth 
vertebra ;  markedly  so  in  the  next  segment ;  the  three  prongs 
springing  from  a  common  pedicle  in  the  fourteenth ;  which  pedicle 
is  lengthened  in  the  fifteenth ;  still  longer  but  without  terminal 
proDgs  in  the  sixteenth  vertebra  ;  to  be  entirely  absent  in  the 
succeeding  segment,  and  the  rest  of  the  columD. 

In  the  atlas  the  neural  canal  is  capacious  and  transversely 
elliptical.  From  this  vertebra  it  gradually  changes  its  form  and 
contracts  in  calibre,  until  in  the  fifth  vertebra  we  find  it  nearly 
cylindrical  in  shape,  and  much  reduced  in  capacity. 

Passing  down  the  series  it  gradually  changes  for  a  second 
time,  so  that  in  the  eleventh  vertebra  it  is  again  found 
to  be  large  and  transversely  elliptical.  This  form  it  retains 
through  the  dorsal  series,  though  once  more  reduced  in  calibre. 
In  the  tail  vertebrae  it  is  at  first  triangular  with  apex  above,  to 
become  a  vertical  sUt  as  it  enters  the  pygostyle. 

The  fifteenth,  sixteenth,  seventeenth,  and  eighteenth  vertebrae 
of  the  column  in  Geococcyx  support  ribs  that  meet  to  articulate 
with  costal  ribs  below  (Plate  VIII.  fig.  7).  These  ribs  are  broad 
above,  but  become  more  and  more  rod-like  as  they  near  their 
haemapophysial  articulations.  The  first  three  pair  of  the  series 
bear  large  epipleural  processes,  which  are  always  anchylosed  to 
the  rib  upon  which  they  appear.  These  three  also  have  costal 
ribs  connecting  them  with  the  sternum  ;  this  I  believe  to  be  the 
smallest  number  of  the  latter  present  in  any  living  bird,  t.e.,  only 
three  hsemapophyses  articulating  with  either  costal  border  of  the 
sternum.  The  last  pair  of  ribs,  or  those  coming  from  the 
eighteenth  vertebra,  never  have  epipleural  processes,  and  their 
costal  ribs  do  not  reach  the  sternum  (fig.  7). 

With  respect  to  the  four  vertebrae  that  own  these  ribs,  we  find 
that  they  present  all  the  characters  of  the  dorsals  as  found 
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among  Aves  generally.  The  neural  spines  are  lofty  and  quadri- 
lateral in  outline,  each  having  its  superior  rim  capped  off 
with  a  vertically  flattened  tablet  of  bone.  The  diapophyses  are 
rather  broad,  and  project  directly  outwards  from  the  sides  of  the 
vertebrae,  having  the  ribs  articulating  with  them  and  the  centra 
in  the  usual  way.  Very  close  interlocking  is  evidenced  among 
these  four  dorsal  segments,  and  the  post-  and  prezygapophyses 
are  no  longer  than  is  necessary  to  afford  the  proper  amount  of 
surface  for  their  respective  articular  facets.  Anteriorly,  these 
face  upwards  and  inwards,  precisely  the  reverse  being  the  case 
with  those  found  on  the  postzygapophyses. 

So  far  as  we  have  examined  the  vertebral  column,  the  articula- 
tion which  obtains  among  the  centra  is  upon  the  heterocodous 
plan,  i,e.f  the  anterior  facet  is  concave  from  side  to  side,  convex 
from  above,  downward,  precisely  the  reverse  condition  being 
present  in  the  posterior  facet.  All  these  vertebrae,  as  well  as 
both  kinds  of  ribs,  are  eminently  pneumatic,  groups  of  foramina 
occurring  at  the  usual  sites  in  these  bones. 

The  Pelvis  (Plate  VIII.  figs.  9, 10  and  11).— From  its  singularly 
unique  form  the  pelvis  of  Geococcyx  has  attracted  the  attention 
of  a  number  of  anatomists.  Owen  speaks  of  the  ilium  as 
forming  behind  ''a  prominent  ridge  in  most  birds,  which 
generally  overhangs  the  outer  surface;  in  Geococcyx^  to  a  remark- 
able extent,  like  a  wide  pent-house,  producing  a  deep  concavity 
in  the  outer  and  back  part  of  the  ilium,  where  it  coalesces  with 
the  ischium."^ 

Marsh,  in  his  classical  work  upon  the  OdorUomithes,  again 
calls  attention  to  the  same  thing,  and  points  out  other  particulars 
in  connection  with  it,  making  admirable  comparisons  with  the 
pelves  of  Reptilia,  Tinamvs,  and  other  forms.^ 

Strange  to  relate,  the  only  other  living  American  bird,  so  far 
as  I  have  examined,  that  possesses  a  pelvis  anything  like  the  one 
we  find  in  Geococcyx,  is  the  common  sorn  rail  (Porzana  Carolina), 

^  Anat.  rf  Verts.,  voL  ii.  p.  84,  Lond.  1866. 

3  Marsh,  0.  C,  OdoTUomithes,  pp.  70-73,  figs.  16-20,  Washington  Government 
Printing  Office,  1880.  There  certainly  can  be  nothing  that  adyances  our  know- 
ledge of  the  exact  origin  of  birds  more  certainly  than  the  constant  comparison  of 
recent  forms  with  the  material  palseontology  has  thus  far  been  enabled  to  supply 
us, — not  a  great  deal  as  yet.  Professor  Marsh  never  seems  to  allow  such  an 
opportunity  to  escape  him. 
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This  bird  not  only  has  the  ilia  formiag  the  peculiar  outward- 
curling  crests  behind,  but  has  also  the  propubis  well  marked, 
and  identically  the  same  style  assumed  by  the  anterior  portions 
of  the  ilia,  i,e,,  a  deeply  concave  inner  margin,  with  the  sacral 
crista  mounting  above  it,  and  not  coming  in  contact  with  the 
same. 

Viewing  the  pelvis  of  Oeococcyx  from  above,  we  are  to  notice 
the  condition,  just  alluded  to  (fig.  10),  as  well  as  the  raised, 
anterior  emarginations  of  these  iliai  with  the  processes  that 
project  from  their  middle  points.  As  already  hinted,  the  ilio* 
neural  canals  are  here  open  grooves,  and  the  neural  crest  of  the 
sacrum  stands  between  them  as  a  lofty  dividing  wall,  with 
much  thickened  superior  border.  This  latter  is  distinctly 
marked  for  the  entire  length  of  the  sacrum,  otherwise  the 
individualisation  of  the  vertebrae  composing  this  part  of  the 
bone  is  not  very  distinct,  as  few  foramina  are  to  be  found 
between  their  diapophyses,  until  we  reach  the  last  one,  where 
regularly  occurs  a  large  pair,  throwing  the  ultimate  uro-sacral 
into  bold  relief  (fig.  10). 

Owing  to  the  spreading  of  the  ilia,  both  laterally  and  behind,  the 
superficies  of  the  postacetabular,  far  exceeds  the  preacetabular, 
and  these  iliac  bones  ai*e  much  tilted  up  posteriorly. 

Upon  the  lateral  aspect  of  this  pelvis  (fig.  9)  we  not  only  gain 
abetter  view  of  the  largely  developed  propubis,  and  the  straogely 
formed  hinder  portion  of  the  iliuoi,  but  we  are  also  enabled  to 
get  a  glimpse  of  the  ratlier  small  subcircular  ischiac  foramen, 
with  the  reniform  antitrochanter  in  front  of  it.  This  latter  faces 
almost  directly  forwards,  and  only  ftlightly  downwards,  and  less 
so  outwards.  Beyond  this  again  is  the  acetabulum,  with  the 
circular  perforation  at  its  base,  the  postero-superior  arc  of  which 
merges  with  the  periphery  of  the  outer  cotyloid  ring  at  the  base 
of  the  antitrochanter,  while  directly  opposite  this  point  the  arcs 
of  these  two  circles  are  far  apart,  and  an  excavation  occupies  the 
intervening  space.  This  grows  less,  of  course,  as  we  proceed 
either  way  towards  the  base  of  the  antitrochanter,  where,  as  I 
have  said,  the  inner  and  outer  rings  are  tangent  to  each  other. 

The  elliptical  obturator  foramen  occupies  its  usual  position, 
and  so  close  together  are  the  post  pubis  and  ischium  that  an 
exceedingly  narrow  strait  leads   from  this    vacuity  into  the 
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obturator  space,  a  long  narrow  interval  between  the  last  two 
mentioned  bones.  At  the  centre  of  the  triangular  area  among 
these  three  apertures  at  the  side  of  this  pelvis,  is  found  a  group 
of  small  pneumatic  foramina  which  assist  in  admitting  the  air 
into  the  substance  of  this  light  and  thoroughly  aerated  bone. 

TM  Cavdal  Vertebrce  and  Pygostyle, — As  already  stated  above, 
the  caudal  vertebrae  are  five  in  number  (Plate  IX.  fig.  17).  They 
are  chiefly  noted  for  their  high  and  prominent  neural  spines ; 
the  two  loftiest  being  seen  in  the  third  and  fourth  vertebrae. 
The  diapophyses  grow  longer  and  more  spreading  as  we  proceed 
in  the  direction  of  the  pygostyle,  the  last  segment  possessing  them 
longer  than  any  of  the  others.  We  find  in  the  third  caudal 
vertebra  a  small  anchylosed  chevron  bone,  which  slightly  over- 
laps the  bone  in  front  of  it.  This  apophysis  is  very  strongly 
developed  in  the  last  two  vertebrae,  where  it  is  also  anchylosed 
to  the  centra,  is  bifid,  and  hooks  well  forward  to  overlap  the 
preceding  centrum  in  either  case.  Each  one  of  these  bones  is 
pierced  by  pneumatic  foramina  in  a  number  of  places,  as  is  also 
the  terminal  coccygeal  vomer. 

This  latter  bone  has  an  irregular  oblong  figure,  with  its 
posterior  margin  considerably  thickened,  the  others  being  cultrate. 
The  neural  canal  is  continued  into  it  for  some  little  distance, 
its  passage  being  denoted  on  the  sides  of  the  bone  by  a  longi- 
tudinal smooth  elevation,  which  gradually  tapers  away  to  the 
postero-superior  angle. 

Of  the  Sternum  and  Pectoral  Arch, — The  sternum  of  Geococcyx 
is  a  thoroughly  pneumatic  bone,  but  air  does  not  gain  access  to 
any  of  the  shoulder-girdle  elements. 

In  the  case  of  the  former,  foramina  are  chiefly  found  in  the 
concavities  among  the  haemapophysial  facets  on  the  costal  borders. 
A  few  scattered  ones  may  be  seen  in  the  median  line  upon  the 
dorsal  surface.  The  number  of  these  latter  vary  in  diflerent 
specimens. 

The  *'  Eoad  Bunner  "  has  a  two-notched  sternum,  which  gives 
rise  to  a  pair  of  flaring  xiphoidal  processes  on  either  side  (figs. 
7,  16).  Its  carina  is  fairly  well  developed  and  moderately  deep 
only.  It  extends  the  entire  length  of  the  bone,  and  is  marked 
upon  the  upper  side  of  its  projecting  carinal  angle  by  a  roughened 
facet  for  articulation  with  the  hypocleidium  of  the  furculum. 
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Osseous  welts  are  raised  upon  its  sides  to  facilitate  muscular 
attachment,  and  these  in  some  specimens,  extend  on  to  the 
ventral  aspect  of  the  body  (fig.  16).  The  inferior  border  of  the 
keel  is  somewhat  thickened. 

In  front  of  the  sternum  a  peg-like  manubrium  projects  out,  the 
lower  margin  of  which  is  longitudinally  marked  by  a  shafpened 
crest  (fig.  7).  Below  this,  the  perpendicular  anterior  border  of 
the  keel  is  vertically  concave,  and  this  inferior  manubrial  crest 
is  carried  into  the  excavation  as  a  median  raised  line. 

Either  costal  border  is  very  short,  having  but  three  facets 
upon  it,  and  these  are  usually  close  together.  In  front  of  them, 
on  either  side,  a  prominent  costal  process  is  reared,  constituting 
one  of  the  most  striking  features  in  this  part  of  the  skeleton  of 
Geococcyz  (fig.  7). 

The  thoracic  aspect  of  the  sternum  is  very  much  concave,  the 
ventral  side  being  correspondingly  convex.  Here  on  this  latter 
we  notice  well-marked  muscular  lines,  one  on  either  side,  com- 
mencing at  the  outer  termination  of  acoracoidal  groove,  and  run- 
ning backwards  to  a  point  about  opposite  the  middle  of  the  keel. 

The  coracoidal  grooves  do  not  meet  at  the  manubrial  base  in 
the  median  line,  and  each  one  is  characterised  as  being  a  deep 
transverse  notch,  with  upper  and  lower  lips  of  projecting  bone 
and  extending  laterally  only  so  far  as  the  inner  or  anterior 
limit  of  the  base  of  the  corresponding  costal  process. 

With  respect  to  the  pectoral  arch^  I  find  a  coracoid  to  be, 
comparatively  speaking,  an  unusually  long  bone ;  its  sternal  or 
lower  border  extends  beyond  the  facet  proper,  in  order  to  fit  into 
the  coracoidal  groove  of  the  sternum.  This  end  of  the  coracoid 
is  not  as  much  expanded  as  we  find  it  in  some  birds,  but,  on  the 
other  hand,  like  many  of  the  class,  its  outer  angle  is  produced  and 
bent  upwards  as  a  projecting  process. 

The  shaft  is  long  and  cylindrical,  being  marked  down  its 
posterior  and  lateral  aspects  by  muscular  lines. 

At  the  superior,  or  really  anterior  extremity  of  this  bone,  we 
find  several  noteworthy  and  interesting  characters  (fig.  5). 

Its  scapular  process  is  very  long,  and  compressed  from  side  to 
side.  This  apophysis  reaches  forwards,  and  by  its  slightly 
dilated  extremity  articulates  with  a  vertically  concave  notch  in 
the  lower  part  of  the  head  of  the  corresponding  clavicle. 
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Another  meeting  between  these  two  bones  takes  place 
above,  and  this  is  a£fected  by  the  summit  of  the  coracoid 
curving  inwards  towards  the  median  plane,  to  articulate  with  a 
considerable  facet  found  at  the  highefst  point  of  the  clavicular 
head. 

These  two  articulations  between  the  f  urculum  and  the  coracoid 
completely  close  the  tendinal  canal,  even  without  the  assistance 
of  the  scapular  behind,  though  this  latter  bone  materially  aids  in 
increasing  the  actual  length  of  this  tendinal  passage,  by  closing 
up  the  posterior  gap. 

If  we  turn  to  the  dotted  outline  of  the  cs  furculum,  shown  in 
figure  6,  it  will  be  noticed  that  it  has  a  form  about  intermediate 
between  the  usual  U  and  V  shapes  of  the  bone.  Eegarding  it 
from  a  lateral  aspect,  as  shown  in  the  preceding  figure,  the  actual 
form  of  one  of  its  transversely  compressed  heads  can  be  better 
appreciated,  as  well  as  its  method  of  articulation  with  the  other 
bones  of  the  girdle  (fig.  5). 

Below  it  is  flattened  in  the  antero-posterior  direction,  and 
terminates  in  an  elongated  hypocleidium.  This  latter  articulates 
when  the  arch  is  in  situ  with  the  carinal  angle  of  the  sternum, 
in  the  manner  described  in  a  foregoing  paragraph. 

A  scapula  assists  to  form  the  glenoid  cavity  in  the  usual  way, 
contributing  about  half  the  surface  to  that  humeral  socket.  Its 
clavicular  process  reaches  far  forwards,  to  make  an  extensive 
articulation  with  the  head  of  the  f urculum,  when  the  bones  are 
in  the  position  they  assume  in  life.  It  also  rests  further  forwards 
upon  the  scapular  process  of  the  coracoid  than  is  usually  seen 
among  birds  (fig.  5).  Sometimes  we  find  the  posterior  third  of 
the  long,  narrow  blade  of  this  bone  bent  down  more  abruptly 
than  in  the  specimen  I  have  figured,  and  its  end  is  always 
rounded  off,  rather  than  being  truncated,  as  is  commonly  the 
condition  in  Aves. 

At  the  outer  and  back  part  of  the  shoulder-joint  in  the  adult 
Geococcyx,  occurs  usually  a  very  minute  sesamoid,  known  as  the 
OS  htcmero  scapvlare,  and  I  am  led  to  believe  that  small  sesamoids 
may  yet  be  found  in  other  of  the  tendons  of  the  pectoral 
extremity  in  this  region. 

Of  the  Appendicular  Skeleton — 3%e  Pectoral  Lirnb  (J  late  VIII. 
figs.  12-15). — Pneumaticity  is  extended  only  to  the  bone  of  the 
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brachium  in  this  limb,  the  hollow  shafts  of  the  other  long  bones 
being  charged  with  meiuUary  substance. 

The  humeral  shaft  is  much  bowed,  and  in  such  a  manner  as 
to  be  convex  along  its  radial  border  and  concave  upon  the 
opposite  side,  which  concavity  is  more  apparent  owing  to  the 
prominence  of  the  ulnar  crest,  and  the  peculiar  projection  of  the 
distal  extremity  in  the  continuity  of  this  curve  (figs.  12, 14). 

In  form  the  shaft  is  nearly  cylindrical,  and  almost  entirely 
devoid  of  muscular  lines. 

At  the  proximal  end,  a  well-marked  valley  occurs  between 
the  ulnar  crest  and  the  spindleform  humeral  head.  The  former 
has  barely  any  pneumatic  fossa  at  its  base,  the  circular  foramen 
there  found  being  nearly  flush  with  the  general  surface  of  the 
bone.  On  the  opposite  aspect  we  find  a  short  though  prominent 
radial  crest,  which  makes  no  pretence  to  extend  its  lamelliform 
plate  down  the  shaft,  as  we  often  find  to  be  the  case  in  birds. 

The  distal  extremity  of  this  bone  presents  for  examination 
the  usual  oblique  and  ulnar  tubercle,  while,  as  already  alluded 
to,  the  ulnar  condyle  of  this  end  is  much  produced  and  very 
prominent  (figs.  12,  1-1). 

The  ancoueal  aspect  immediately  above  the  trochlea  is  fiat  and 
smooth,  the  opposite  side  showing  a  broad,  shallow  groove 
for  the  guidance  of  tendons  to  the  antibrachium.  A  fairly 
well-developed  " ectocondyloid  tubercle"  is  seen  at  its  usual 
site,  on  the  radial  border  of  the  shaft  just  above  the  oblique 
trochlea. 

Following  the  example  of  the  humerus,  we  find  the  compara- 
tively short  radius  and  ulna  very  much  bowed  along  the 
continuity  of  their  shafts.  This  gives  rise  to  a  broad  spindle- 
shaped  interosseous  space,  the  two  bones  only  coming  in  contact 
at  their  distal  and  proximal  extremities,  when  articulated  (fig. 
13). 

The  radius  is  not  nearly  so  much  bent  as  the  other  bone  of 
the  antibrachium,  and  presents  nothing  peculiar  about  it.  On 
the  other  hand,  the  ulna^  with  its  greatly  curved  shaft,  its 
prominent  row  of  secondary  papillae,  and  its  well-developed 
olecranon,  is  quite  a  striking  bone  beside  it. 

Composing  the  elements  of  the  carpus,  the  two  usual  free 
segments  are  seen;  of  these  the  radiale  has  pretty  much  the 
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eame  form  as  it  assumes  among  birds  generally,  while  the  idnare 
takes  on  an  entirely  different  shape.  It  does  not  develop  the 
two  limbs  or  processes  that  straddle  the  proximal  extremity  of 
the  carpo-metacarpuB,  when  the  bones  are  in  situ,  as  in  the 
vast  majority  of  the  class,  but  is  simply  a  bar  of  bone,  with  one 
end  enlarged,  and  bearing  at  its  summit  an  articular  facet  for 
the  ulna. 

The  carpo-metacarpiLs  is  chiefly  interesting  for  its  peculiarly 
formed  mid- metacarpal.  This  is  uncommonly  broad  at  its 
proximal  end,  and  curiously  twisted,  as  it  descends  to  anchylose 
with  the  lower  end  of  the  index  metacarpal,  or  main  shaft  of 
this  compound  bone.  So  far  as  I  have  been  enabled  to  discover, 
the  phalanx  of  pollex-digit  does  not  bear  a  terminal  claw,  and 
the  bone  has  the  usual  form  as  seen  in  most  Aves.  Nothing  of 
note  distinguishes  the  two  phalanges  of  the  index  digit,  while  the 
small  phalanx  of  the  last  finger  develops,  at  the  middle  point 
of  its  hinder  margin,  a  curious  little  upturned  spur  (Plate  VIII. 

fig.  13). 

OftJie  Pelvic  Limb  (Plate  IX.  figs.  18-27).— As  in  the  pectoral 

extremity,  the  proximal  long  bone  of  this  limb,  the  femur,  is  the 

only  one  in  it  that  enjoys  a  pneumatic  condition.     The  site  of 

the  foramen  that  admits  the  air  to  its  hollow  shaft  is,  however, 

quite  unique,  being  upon   the   posterior  aspect  of  the  bone, 

between  the  trochanter  and  hoad,  instead  of  on  the  anterior  side, 

as  usual,  below  the  trochanter. 

This  latter  feature  is  not  elevated  above  the  articular  surface 
at  the  summit,  and  the  semi-globular  head  is,  comparatively 
speaking,  rather  small.  A  shallow  excavation  upon  its  upper 
side  marks  the  usual  point  for  the  insertion  of  the  round 
ligament. 

The  sub-cylindrical  shaft  faintly  showing  the  muscular  lines, 
is  considerably  bent  to  the  front,  as  shown  in  fig.  19. 

At  its  distal  extremity  in  front,  the  rotular  channel  is  well 
marked,  the  condylar  ridges  bounding  it  being  about  parallel  to 
each  other  (fig.  18). 

The  outer  and  larger  condyle  of  the  two  is  at  the  same  time 
the  lower,  and  the  fibular  cleft  that  marks  its  posterior  aspect, 
is  very  wide  and  deeply  sculpt,  being  rather  more  to  the  outer 
side  than  is  usual  (fig.  20). 
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Above  these  condyles,  behind,  the  popliteal  fossa  is  but 
moderately  excavated,  and  a  straight  transverse  line  bounding 
it  below  divides  it  from  the  general  trochlear  surface. 

We  find  in  the  next  segment  of  this  limb,  the  tibio-tarsus 
with  a  subcylindrical  shaft  below  its  fibular  ridge,  that  is  slightly 
bent  so  as  to  be  in  the  vertical  line,  somewhat  convex  anteriorly 
(fig.  22).  The  bending  here  though  is  not  nearly  so  great  as  we 
found  it  to  be  in  the  humerus  and  femur,  or,  to  make  the  com- 
parison more  exact,  in  the  ulna. 

The  cnemial  crest  of  this  leg-bone  is  but  little  raised  above 
the  undulating  articular  surface  of  its  summit,  while  the  pro- 
and  ectocnemial  ridges,  that  develop  below  it,  are  not  peculiar 
(figs.  21-23).  Their  planes  are  at  right  angles  to  each  other, 
that  of  the  latter  having  its  surface  facing  directly  to  the  front. 
Neither  is  produced  for  any  distance  down  the  shaft  of  the 
bone,  but  terminates  rather  abruptly  upon  it;  the  pro-cnemial 
ridge  at  a  point  about  opposite  the  superior  end  of  the  fibular 
ridge  on  the  other  side  of  the  shaft  (6g.  21). 

At  the  distal  extremity  of  the  tibio-tarsus  the  planes  of  the 
condyles  are  nearly  parallel  to  each  other,  and  these  trochlear 
eminences  are  strikingly  close  together  in  Geococcyz, 

The  intercondyloid  fossa  is  deeply  excavated  in  front,  to 
become  suddenly  much  shallower  behind,  as  well  as  somewhat 
narrower.  Upon  lateral  view,  it  will  be  seen  that  the  general 
outline  of  either  of  the  condyles  is  more  circular  than  we 
usually  find  it  in  others  of  the  class,  where  a  reniform  pattern 
prevails  (fig.  22). 

Just  above  the  condyles,  on  the  anterior  aspect,  the  vertical 
tendinal  channel  is  spanned  by  the  usual  little,  oblique  bridge 
of  bone,  and  this  is  supplemented  in  life  by  a  longer  ligamentous 
one  placed  in  front  of  it. 

The  JUmla  has  a  large  head,  which  is  produced  backwards 
beyond  its  shaft  This  latter  makes  a  close  ligamentous  articu- 
lation with  the  fibular  ridge  of  the  tibio-tarsus,  and  at  some 
little  distance  below  it  merges  into  its  shaft,  to  become  almost 
indistinguishably  fused  with  it  (figs.  21-23). 

A  well-developed,  subcordate  patella,  with  its  apex  directed 
below,  is  found  in  the  usual  tendon  in  Geococcyx. 

It  will  be  seen  by  referring  to  figures  24  and  26  that  the 
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tarso-metcUarsus  of  the  Road  RuDuer  is  a  longer  bone  perhaps, 
than  we  would  be  led  to  expect  from  the  other  long  bones  of 
this  limb. 

Its  summit  presents  for  examination  the  two  concavities  for 
the  condyles  of  the  tibio-tarsus,  separated  by  the  mid-tubercle. 
Behind  this  we  find  a  short  hypo-tarsus,  showing  two  vertical 
grooves  at  its  back,  and  two  vertical  perforations  through  it,  as 
shown  in  fig.  25. 

The  sides  and  front  of  this  bone  are  flat,  the  latter  for  its 
proximal  half  being  longitudinally  grooved,  deepest  above, 
gradually  becoming  shallower  as  it  descends.  Posteriorly  it  is 
likewise  grooved  in  a  somewhat  similar  way;  but  here  the  outer 
wall  of  the  groove  is  raised  as  a  sharp  longitudinal  crest,  best 
marked  at  the  middle  third  of  the  shaft,  and  gradually  subsiding 
towards  the  extremities. 

At  the  distal  end  we  note  the  three  usual  trochlese  for  the 
basal  joints  of  the  toes;  figure  27,  however,  shows  how,  in 
this  zygodactyle  bird,  the  outer  one  of  these  is  extended  to  the 
rear,  in  such  a  manner  as  to  allow  the  fourth  toe  to  articulate 
in  that  direction  (figs.  26  and  27). 

Of  these  trochlea?  the  middle  one  is  mu(2h  the  largest  and  is 
placed  the  lowest  down ;  it  is  the  only  one  of  the  three  that 
shows  the  distinct  median  groove.  Tlie  trochlea  for  the  fourth 
toe  is  much  elevated,  while  the  inner  one  holds  about  a  mid- 
position  in  this  respect. 

A  well-developed  accessory  metatarsal,  slung  by  lignmont  in 
the  usual  way,  is  found  between  the  shaft  and  the  basal  joint  of 
the  hallux  (fig.  26).  The  perforating  foramen  for  the  passage  of 
the  anterior  tibial  artery  is  small  and  inconspicuous,  being  at  the 
same  time  quite  low  down  on  the  shaft. 

The  joints  of  these  podal  digits  are  harmoniously  prnportioned, 
both  as  regards  size  and  comparative  length,  and  beyond  what 
can  be  easily  studied  in  my  drawing  of  them,  and  their  typical 
zygodactylism,  they  offer  nothing  of  particular  note. 

Before  reducing  my  specimens  to  skeletons,  I  failed  to  make 
any  special  examinations  as  to  the  condition  of  the  ossifications 
of  the  columella  auris  in  the  adult  Oeococcyx;  I  find,  however, 
anoong  other  normal  ossifications  in  this  type,  some  twelve  or 
thirteen  sclerotal  plates  in  either  eye,  overlapping  each  other  in 
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a  somewhat  irregular  mauiier.  The  riags  of  the  trachea  also 
ossify  as  in  other  birds,  as  well  as  the  plate  of  the  superior 
larynx.  Some  of  the  tendons  of  the  pelvic  limb  in  old  birds  are 
also  converted  into  bone,  and  small  sesamoids  may  be  found 
ab^ut  the  proximal  extremities  of  the  basal  joints  in  the  soles  of 
the  feet. 

During  the  preparation  of  this  memoir  several  more  Pacitic 
Coast  specimens  of  this  form  have  come  into  my  hands ;  among 
others  I  am  indebted  to  Mr  W.  Otto  Emerson  of  Haywarda, 
(yalifornia,  for  the  present  of  a  very  fine  male  bird.  I  also  have 
a  young  one,  just  leaving  the  nest,  but  my  further  examination 
of  this  material  reveals  to  me  nothing  in  the  skeleton  of  the 
adult  to  be  added  to  the  above  detailed  description  of  my  type 
specimen  from  Santa  Barbara,  California,  from  which  I  made  all 
the  drawings  in  the  accompanying  illustrations  in  the  Plates. 


EXPLANATION  OF  PLATES  VIL,  VIIL,  IX. 
[The  figures  are  all  life  size  and  from  the  same  sijectmen,] 

Fig.  1.  Left  lateral  view  of  skull  and  mandible  of  Geococq/x 
califomianusy  ad.  <?. 

Fig.  2.  The  mandible  seen  from  above. 

Fig.  3.  The  skull  from  superior  aspect ;  mandible  removed. 

Fig.  4.  The  skull  seen  upon  under  view ;  mandible  removed. 

Fig.  5.  Right  half  of  the  pectoral  arch  seen  from  the  inner  side ; 
the  coracoid,  furculum,  and  scapula  in  situ. 

Fig.  6.  Os  furcnlum  in  dotted  outline;  viewed  from  behind. 

Fig.  7.  Left  lateral  view  of  dorsal  vertebrae,  ribs  and  sternum ;  the 
bones  all  in  their  natural  positions. 

Fig.  8.  The  hyoid  arches  seen  upon  superior  view ;  the  thin  glosso- 
hyal  is  dotted  to  represent  cartilage. 

Fig.  9.  Left  lateral  view  of  pelvis. 

Fig.  1 0.  Superior  aspect  of  pelvis. 

Fig.  11.  Pelvis  seen  upon  direct  posterior  view. 

Fig.  12.  Right  humerus,  palmar  eispect. 

Fig.  13.  Palmar  aspect  of  radius  and  ulna,  and  the  bones  of  the 
carpus  and  manus ;  same  limb. 

Fig.  14.  Right  humerus,  anconeal  aspect. 

Fig.  15.  Right  humerus,  radial  aspect 
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Fig.  16.  The  stemuin  seen  upon  its  pectoral  aspect 

Fig.  17.  Caudal  vertebrse  and  pygostyle,  seen  from  the  right  side. 

Fig.  18.  Anterior  view  of  left  femur. 

Fig.  19.  Inner  view  of  left  femur. 

Fig.  20.  Posterior  view  of  left  femur, 
.    Fig.  21.  Left  tibio-tarsus  and  fibula,  seen  from  in  front. 

Fig.  22.  Left  tibio-tarsus  and  fibula,  their  outer  aspects. 

Fig.  23.  The  summits  of  the  left  fibula  and  tibio-tarsu& 

Fig.  24.  Anterior  view  of  the  left  tarso-metatarsus. 

Fig.  25.  The  summit  of  the  left  tarso-metatarsus. 

Fig.  26.  Right  lateral  view  of  the  skeleton  of  the  left  foot  of 
Geococcyxy  including  the  tarso-metatarsus. 

Fig.  27.  The  distal  extremity  of  the  left  tarso-metatarsus,  showing 
the  trochlead  as  seen  directly  from  beneath. 
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ON  THE  RELATIONSHIP  OF  UREA  FORMATION 
TO  BILE  SECRETION:  AN  EXPERIMENTAL 
RESEARCH.  By  D.  Noel-Paton,  M.D.,  B.Sc,  Biol. 
Fellow  of  the  Univ.  of  JEdin. 

(From  the  Physiological  Laboratory  of  the  Uniyersity  of  Edinburgh.) 

(Continued  from  page  124.) 

Part  II. — Experimental. 

No  direct  series  of  experiments  upon  this  subject  has  been 
made,  bat  many  well-known  physiological  facts  strongly  indicate 
the  existence  of  such  a  relationship.  In  the  first  place,  in  the 
starving  animal,  the  excretion  of  urea  and  of  bile  (Bidder  and 
Schmidt)  falls,  and  to  the  last  days  of  life  persists  in  small 
amounts.  In  the  second  place,  after  a  meal  both  urea  excre- 
tion and  bile  secretion  rise,  and  reach  their  maximum  some 
hours  after  food  is  taken.  Lastly,  the  influence  of  different  diets 
on  the  urea  excretion  on  the  one  hand,  and  the  bile  formation 
on  the  other,  is  of  interest:  while  proteids  cause  a  marked 
increase  in  both,  fats  have  no  stimulating  effect  upon  either 
process. 

Instead  of  following  the  lines  suggested  by  these  past 
observations,  I  have  employed,  as  before  mentioned,  another,  and 
I  believe  more  satisfactory  method — that  of  studying  the 
influence  on  the  urea  excretion  in  dogs  in  a  state  of  nitrogenous 
balance  (stickstoffgleichgewicht)  of  certain  drugs,  which  power- 
fully stimulate  bile  secretion. 

My  earlier  experiments  were  made  upon  men,  but  the  results 
obtained,  owing  to  the  many  disturbing  causes  which  could  not  be 
excluded,  were  so  unsatisfactory,  that  after  two  months'  work, 
this  mode  of  experiment  was  abandoned,  and  the  observations 
wore  repeated  in  dogs. 

For  all  the  experiments  here  recorded,  with  the  exception  of 
two,  dogs  were  employed.    And  I  believe  that  the  use  of  these 
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animals  renders  my  results  of  more  value,  as  it  was  upon 
dogs  that  Professor  Rutherford  conducted  his  series  of  experi- 
ments upon  bile  secretion ;  so  that  we  may  in  every  case  safely 
conclude  that  under  the  administration  of  the  drug  the  secre- 
tion of  bile  really  was  stimulated. 

Mode  of  Hxperinient 

Large  female  dogs  were  selected,  weighing  about  13  kilos. 
Female  dogs  were  chosen,  because  from  their  mode  of  micturition 
there  is  less  chance  of  a  loss  of  urine  occurring;  and,  when 
catheterisation  is  required,  it  is  more  easily  and  safely  performed 
than  upon  the  male. 

The  dog  was  kupt  in  a  cage  of  40  inches  square  by  38  inches 
in  height. 

The  floor  was  of  smooth  zinc,  and  sloped  from  all  sides  to  a 
hole  in  the  centre,  under  which  was  placed  the  vessel  in  which 
the  urine  was  collected. 

Across  one  side  of  the  cage  was  stretched  a  narrow  board,  on 
which  the  dog  slept  and  fed,  but  upon  which  it  rarely 
micturated. 

The  floor  of  the  cage  was  kept  scrupulously  clean,  and  was 
frequently  washed  with  a  solution  of  permanganate  of  potash. 
The  ffeces  were  always  cleared  away  as  soon  after  they  were 
passed  as  possible. 

I  am  well  aware  that  my  method  of  collecting  the  urine  allows 
of  a  certain  loss,  but  that  this  is  a  fixed  percentage  quantity  is 
shown  by  the  very  uniform  daily  excretion  of  urea  which  my 

m 

analyses  indicate.  Using  this  method,  I  have  been  able,  by 
carefully  regulating  the  diet,  to  approach  almost  as  near  to  a 
daily  uniform  excretion  of  urea  as  Salkow8ki,.Virchow,  Wolfsohn, 
or  other  observers  who  have  employed  catheterisation,  or  who 
have  educated  their  dogs  to  micturate  into  a  vessel  held 
beneath  them  (Wolfsohn).  In  some  of  my  experiments  I  have 
observed  a  tendency  to  a  bi-diurnal  type  of  urinary  excretion 
(see  Exp.  IV.),  a  small  amount  of  urine  being  passed  on  one  day, 
followed  next  day  by  a  more  copious  quantity.  But  if  a  mean 
be  taken  for  these  two  days,  it  corresponds  very  exactly  with 
the  normal  daily  excretion. 
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The  urine  was  collected  at  ton  o'clock  each  morning ;  the  cage 
was  then  cleaned,  and  the  dog  fed. 

The  urine  was  measured,  and  set  to  filter.  The  specific  gravity 
was  taken,  and  the  urea  and  uric  acid  at  once  estimated. 

Diet. 

The  diet  consisted  of  oatmeal  porridge  with  milk.  On  this 
food  the  dogs  remained  healthy  for  long  periods,  even  when 
confined  to  the  circumscribed  limits  of  their  CRge.  This  diet 
caused  a  firm  well-formed  fiBcal  dejection  daily,  a  matter  of  no 
small  importance,  as  the  urine  was  thus  kept  free  for  admixture 
with  faeces. 

The  urine  too  was  large  in  amount  and  of  low  specific  gravity, 
so  that  the  dilution  usually  required  in  observations  on  dogs' 
urine  was  thus  rendered  unnecessary. 

Methods  of  Analysis, 

I.  Urea. — For  the  quantitative  estimation  of  the  urea  I  have 
employed  the  hypobromite  method  of  Hiifner. 

In  preferring  this  process  to  the  more  commonly  adopted 
method  of  Liebig,  I  feel  that  I  have  exposed  myself  to  adverse 
criticism.  But  a  careful  perusal  of  the  very  extensive  and 
scattered  literature  upon  the  subject,  and  a  series  of  experiments 
undertaken  by  myself,  has  fully  convinced  me  that,  for  such  a 
research,  this  method  has  advantages  over  all  others.  It  may 
be  rendered  more  accurate  than  Liebig's  method,  and  it  has  this 
great  advantage,  that  the  presence  in  the  urine  of  the  drugs 
administered  does  not  interfere  with  the  results. 

The  solutions  employed  were  the  following : — 

Ist,  Solution  of  sodic  hydrate  prepared  by  dissolving  230 
grms.  of  caustic  soda  in  500  ccs.  of  water. 

2nd,  Bromine. 

These  were  mixed  in  the  proportion  of  1  in  10,  and  the 
hypobromite  solution  was  freshly  prepared  each  morning. 

The  apparatus  of  Dupr6  was  adopted,  and  was  first  carefully 
tested  with  standard  solution  of  urea,  in  order  to  determine  the 
percentage  loss  of  nitrogen.     This  was  found  to  correspond 
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very  closely  to  that  observed  by  Leconte,  Mehu,  Foster,  and 
Kussel  and  West. 

Corrections  were  made  for  temperatare  and  pressure  accord- 
ing to  the  formula  given  by  Hiif ner  {Journal  of  PraM,  Chemie, 
N.  F.  Bd.  III.  p.  11,  1871). 

V  =  volume  of  gas  at  0°  C.  and  760  mm. 

V  «  the  volume  read  off. 

B  -  barometric  pressure  in  mms. 

W  —  tension  of  aqueous  vapour  at  temp,  at  which 

decomposition  occurs. 
T  =  temp,  in  "C. 

The  formula  is  V^ Y'^^Z^^ 


760  (1   X  0-00366  T). 

Great  care  was  taken  to  carry  out  the  decomposition  at 
a  low  temperature,  and  time  was  always  allowed  for  the  gas 
throughout  the  apparatus  to  become  of  a  uniform  temperature 
before  and  after  the  decomposition  occurred. 

II.  Uric  Add. — For  the  estimation  of  the  uric  acid  I  have 
selected  the  method,  recently  devised  by  Professor  Haycraft, 
because  it  appears  to  me  to  combine,  more  than  any  other,  the 
two  qualities  of  accuracy  and  rapidity.  I  have  tried  Heintz's, 
Cook's,  and  Pavy's,  and  have  failed  to  get  results  so  nearly 
accurate ;  while  Salkowski's  very  admirable  method  is  much  too 
tedious  for  every  day  analysis. 

Through  the  kindness  of  Prof.  Haycraft  I  have  been  enabled 
to  use  this  process  throughout  all  my  experiments,  although  his 
paper  on  the  subject  has  only  recently  appeared  {BrU,  Med, 
Journ,,  vol.  ii.  1885,  p.  1100). 

EXPERIMENTS. 

I.  Salicylate  of  Soda. 

According  to  Professor  Eutherford's  experiments  62,  66. 
67,  69,  70a  and  73a  and  74a,  salicylate  of  soda  occupies 
perhaps  the  first  position  among  the  cholagogues  in  its  influence 
on  the  bile  secretion.  Professor  Eutherford  says  of  it — "  Indeed 
this  substance  is  a  certain  hepatic  stimulant,  never  failing  when 
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placed  in  the  duodenum  to  excite  the  liver  within  half  an 
hour/' 

Only  a  few  observations  on  the  influence  of  salicylate  of  soda 
on  the  urinary  constituents  have  as  yet  been  recorded. 

In  1876  two  papers  on  the  subject  appeared,  one  by  Chr. 
Bohr  bei  Panum  in  Hospitals  Tidende,  2,  iii.  p.  129,  and  the 
other  by  Solomon  Wolfsohn  {Ueber  die  Wirhing  der  Salicyl* 
sdure  and  des  Salicylsauren  Natron  auf  den  Stoffwechsel), 

Bohr's  paper  I  have  been  unable  to  procure.  But,  from  the 
account  of  his  results  given  at  p.  173  of  vol.  vi  of  Hermann's 
Handbuch  der  Fhysiologie,  it  appears  that  the  dogs  upon  which 
his  observations  were  made  were  allowed  to  drink  what  water 
they  pleased,  and  he  connects  the  rise  in  the  urea  with  the 
increased  imbibition  of  water,  which  is  supposed  to  have  increased 
tbe  tissue  metabolism.  His  results  cannot  therefore  be  considered 
of  any  value. 

Wolfsohn  gives  six  experiments,  two  upon  salicylic  acid  and 
four  upon  salicylate  of  soda.  In  five  of  his  experiments,  the 
drug  was  given  by  the  mouth,  and  in  one  the  salicylate  of  soda 
was  hypodermically  administered.  In  all  his  experiments  he 
was  able  to  demonstrate  a  well-marked  increase  in  the  total 
nitrogen  and  in  the  urea  excreted,  and  this  increase  in  his 
experiments  was  best  marked  on  the  days  following  the  adminis- 
tration of  the  drug. 

Since  he  does  not  state  the  weight  of  the  dog  employed, 
and  since  the  diets  used  by  him  di£fer  from  that  employed 
by  me,  it  is  impossible  to  compare  our  results  in  detail. 

Carl  Virchow  {Ztsch,  /  Physiol.  CJiem.,  vol.  vi.  p.  78)  gives  an 
experiment  on  the  influence  of  salicylate  of  soda  on  the  total 
nitrogen  of  the  urine.  This  was  performed  in  Professor 
Salkowski's  laboratory  on  a  female  dog,  weighing  between  22 
and  24  kilos.,  and  fed  upon  500  grms.  of  flesh,  75  grms.  of 
bacon,  and  200  grms.  of  water  daily.  The  urine  was  collected  by 
catheterisation.  The  nitrogenous  excretion  before  the  experi- 
ment was  anything  but  constant;  nevertheless  his  general 
results  correspond  closely  with  my  own. 

Although  the  action  of  the  benzoates  upon  the  excretion  of 
uric  acid  has,  on  account  of  their  connection  with  the  production 
of  hippuric  acid,  attracted  considerable  attention,  I  am  not  aware 
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of  any  observations  upon  the  influence  of  their  allies,  the 
salicylates,  upon  the  urinary  constituents.  S^e,  indeed,  in  a  paper 
published  in  the  Bid.  de  PAcad,  Med,,  1877,  p.  704,  states  that 
in  gravel  and  gout  the  uric  acid  excreted  is  increased  under  the 
administration  of  salicylate  of  soda,  while  in  health  these  drugs 
have  no  influence  whatever  either  upon  the  urea  or  the  uric  acid. 
He  states  that  in  acute  gout  he  hns  seen  the  uric  acid  rise 
from  0*30  grms.  per  1000  ccs.  to  3*10  grms.  per  1000  ccs.  But, 
as  Garrod  has  shown,  a  similar  rise  occurs  in  all  cases  of  acute 
gout  towards  the  termination  of  the  attack ;  so  little  value  can 
be  placed  on  S(5e's  observations.  All  the  more  are  they  unworthy 
of  attention,  as  he  does  not  record  the  experiments  upon  which 
they  are  founded. 

The  action  of  this  drug,' which  is  now  so  largely  used  in  the 
treatment  of  rheumatism  and  gout,  and  which  promises  to 
become  one  df  our  most  valuable  remedies  in  diabetes,  appeared 
to  me  to  deserve  special  attention.  I  have  accordingly  devoted 
six  experiments  to  its  investigation,  four  of  which  I  now 
record. 

JESrp.  I.  and  II. 

For  these  two  experiments  a  man,  aged  56,  was  employed;  his 
daily  exercise  was  fixed,  and  his  diet  was  daily,  without  any  variation, 
the  following : — 

Breakfast. — Bread,  4  oz ;  tea,  1  pint. 
Dinner. — Broth,  1^  pints;  beef,  4  oz. 
Supper. — Porridge,  1^  pints;  milk,  ^  pint. 

He  took  little  or  no  water — never  more  than  a  tea-cupful  in  the 
twenty-four  hours. 

The  daily  excretion  of  urea  never  became  very  constant,  but  the 
influence  of  salicylate  of  soda  is  seen  in  the  accompanying  table  and 
abstract,  and  in  fig.  1  (p.  274.) 


[Exp,  I.  and  11. 
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Exp* 

L  and  11.1 

Date. 

Urino 
in  CC8. 

Sp.  G. 

Urea  in 
Orins. 

Uric 
Acid  in 
Gnua. 

Bemarka. 

87-84 

2215*2 

1014 

88-671 

0*968 

Weight  of  man- 62  1  kilos. 

4 

1918*2 

1015 

82-058 

1-087 

Diet  -  (as  above). 

5 

2158*4 

1018 

29-844 

0-811 

6 

1618*8 

1015 

27*681 

0*889 

1  6*6  gnna.  sodae  salicylatiB  in  24 

7 

2556*0 

1012 

82  205 

0*828 

<     hours— 0*106  grm.  per  kilo,  of 
(     body  weight 

8 

1646 -a 

1018 

84-901 

0*874 

Reaction  with  FeCl, 

9 

1646*8 

1016 

84*572 

0*668 

ti                         ti 

10 

2414-0 

1018 

41*521 

0-567 

1  a                          If 

11 

1760*8 

1019 

84*885 

•  ■  • 

11                           t  ft 

12 

2101*6 

1016 

85*096 

•  •  • 

18 

1959*6 

1016 

84-489 

•  •  ■ 

14 

1618*8 

1017 

84  156 

0-720 

Faint 

15 

2885*6 

1018 

88-898 

0-701 

it           1}             11 

16 

2272*0 

1018 

88*171 

0-800 

17 

2158*4 

• 

1014 

181*982 

0*850 

/  6*6  grms.  8od»-  salicyl.   in  24 
1   hours— 0*106  grm.    per   kilo. 

18 

2101  -6 

1018 

181-982 

0*281 

I   of  body  weight. 
(  Reaction  with  FeOl. 

19 

2442-4 

1016 

82*849 

0-821 

\                                                             a 
f  1                         If 

20     ' 

1988*0 

1014 

32*849 

0-441 

l>                         » 

21 

1588*6 

1018 

80*500 

0-267 

If                         9t 

22 

2044-8 

1015 

80-590 

0-206 

>>                          yy 

28 

1817-6 

1016 

27-860 
27-860 

1-001 

24 

2585-6 

1018 

1119 

25 

1902*8 

1015 

28-851 

0-679 

26 

2158*4 

1018 

28*922 

■  •  • 

27 

1931  -2 

1014 

S  28*870 
1  28-870 

0*984 

28 

1902-8 

1018 

0-894 

29 

1874-4 

1012 

24*742 

■  •  • 

• 

Average  daily  Excretion  of  Water  and  Urea  under  Salicylate  of  Soda: — 


Water, 

Urea. 

Before  Exp.  I., 

During  administration  of  drug, 

Between  Exp.  I.  and  II. » 

Ihiring  second  administration  of  drug,     . 

After  Kxp.  11 

COR. 

1980 
2012 
2108 
2016 
2027 

grms. 
80-62 
84-72 
88-77 
31-30 
28-40 

Before  and  after  Exp.  I.  and  ]!., 

During  administration  of  drug  in  Exp.  I.  and 

IV 

2008 
2014 

29-51 
88*01 

Parceftti^  change  in  Water,   ....    practically  unaltered. 
,,             ,,           Urea,     ....     +ll*89c. 

^  In  this  and  all  subsequent  tables,  the  date  refers  to  the  day  upon  which  the 
greater  part  of  the  urine  was  passed — ^not  to  the  day  on  which  it  was  collected. 
Thus  the  urine  of  8*7*84,  is  the  urine  collected  at  10  a.m.  on  the  4th  July. 
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Aveiage  daily  Excretion  of  Uric  Acid  in  grms.  under  Salicylate 

of  Soda : — 

Exp,  I. 


Before.       j 

With. 

After. 

Before  and  After. 
0-868 

With. 

0-896 

0-782 

0-842 

0-782 

Percentage  change  =  -15%. 
Exp.  II. 

With. 


After. 


0-931 


Before  and  After. 


0-849 


With. 


0-303 


Percentage  change  =  -  64  •3%. 

Haycraft's  method  was  used  in  these,  as  in  all  future  experi- 
ments, for  the  determination  of  the  uric  acid;  and,  as  the 
presence  of  this  drug  in  the  urine  might  have  interfered  with 
the  accuracy  of  the  process,  this  possible  source  of  error  was 
excluded  by  the  following  experiment : — 

Exp»  Ia. 

The  uric  acid  in  a  specimen  of  urine  was  by  this  method  found  to 
be  0-0221%.  A  large  quantity  of  salicylate  of  soda  was  then  added 
to  another  portion  of  the  same  urine,  and  upon  testing  the  percentage 
of  uric  acid  was  found  to  be  0-0228%. 

Therefore,  salicylate  of  soda  has  no  effect  in  the  accuracy  of  this 
process. 


Exp.  III. 

On  the  27  ih  January,  salicylate  of  soda  was  given  in  2  grm.  doses, 
made  into  pills  with  a  little  mucilage,  at  1  p.m.,  at  4  p.m.,  and  at  6  p.m. 
There  was  no  sickness,  but  next  morning  the  dog  appeared  dull,  though 
it  took  food  greedily.  2  grms.  were  administered  at  11  a.m.  on  the 
28th,  but  the  dog  appeared  so  ill  that  the  drug  was  discontinue  I. 
The  effect  of  such  large  doses  of  salicylate  of  soda  is  shown  in  the 
table,  abstract,  and  in  fig.  2.  The  effect  on  the  kidneys  was  marked. 
Oa  the  29th  the  urine  passed  was  of  very  high  sp.  gr.,  and  contained 
a  large  amount  of  albumiu,  but  no  blood.  The  albuminuria  persisted 
for  three  days.  The  drug  had  absolutely  no  influence  upon  the 
bowels. 
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Exp.  III. 


Date. 

Urine 
in 

Q.Ct, 

Sp.0. 

Urea  In 

Uric 

Add  in 

srms. 

Bowelk 

Bemarkfl. 

»*1'85 

680 

1018 

7*200 

0*148 

moved 

Weli^t  of  dogslS-O  kilos. 

n 

660 

1012 

7*870 

0*126 

f  1 

Diet. 

22 

600 

1018 

7*880 

0*182 

11 

Oatmeal  as  porridge  118  grms. 

23 

610 

1018 

7*880 

0*140 

11      ' 

Milk  820  0.08. 

84 

470 

1011 

<7*442 
17*442 

0*186 

not  moved 

2& 

600 

1014 

••• 

moved 

26 

465 

1014 

7*804 

0*126 

not  moved 

27 

240 

1017 

4100 

0*064 

*i 

6  grms.)  8  gnns.  soda  salioyL  in  22 

f     hours. 
2  grms.  r  =0*6  srm.  per  Ulo.  weiglit 

28 

0 

«.« 

■  ■« 

•  •• 

moved 

28 

1180 

1020 

82*192 

0*266 

not  moved 

Reaction    of   salicyL    with    FoCl«, 
marked  albuminuria. 

80 

840 

1010 

0*860 

0*102 

i> 

Reaction    of   salioyL    with    FMI1« 
trace  of  albuminuria. 

81 

800 

1010 

9*168 

0*808 

moved 

Reaction    of   saUcyL    with    FeCU 
trace  of  albuminuria. 

1*2*86 

746 

1000 

8*418 

0*228 

not  moved 

2 

urine  lost 

•  •• 

•  •• 

M 

8 

670 

1010 

7*868 

•  •• 

moved 

- 

4 

650 

1010 

j8*222 
18*222 

0-164 

II 

ft 

760 

1018 

0*192 

(> 

1 

Average  Daily  Excretion  of  various  Constituents  under  Salicylate 

of  Soda : — 


• 

1 

1 
Before 
Drag. 

With 
Drug. 

1 

After 
Drag. 

Before 

and 

After. 

With. 

t 

Percentage 
Change  in. 

"Water,  in  ccs. 
Urea,  in  grms. 
Uric  Acid,  ,, 

1      546 

7-872 

1   0*182 

502 

11*012 

0*126 

658 
8*053 
0*189 

599 
7710 
0*160 

502 

11*012 

0  126 

-16*1% 
+  42*7% 
-  21  -8% 

Ex-p,  IV. 

This  is  in  every  way  a  satisfactory  experiment,  and  fully  confirms 
all  the  results  obtained  in  Experiment  III.  The  dose  was  more 
moderate,  and  the  kidneys  were  not  so  markedly  affected.  The 
diminutipn  in  the  amount  of  uric  aoid  is  very  well  shown. 

During  this  experiment  the  amount  of  urine  daily  passed  varied 
considerably  ;  but  on  taking  two  days  together  and  striking  an  average 
an  almost  constant  daily  excretion  of  urea  was  obtained.  This  bi- 
diunial  habit  in  regard  to  micturition  was  frequently  well  marked 
in  this  dog,  but  in  no  way  interferisd  with  the  results  of  the  experi' 
ments. 
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Exp.  TV. 


D.te. 

Urine 

■Sp.  G. 

[Tna 
in 

Uric  Add 

iDEmu. 

Bowels. 

Rdiurlu. 

14S-8B 

17 
IB 
IB 



■ 

a 

S-BM 

a-am 

0-  se 
O'se 

0198 

o-oe 
0'  ee 

moTed 

not  moved 

mo*«d 
notmoTed 

Weight  ot  dog=lI7  kUot. 

to 

(6« 

8f.»8 

O-IM 

16»6 

a-M8 

0-l» 

aoiai 

J  Itrnu.  inllcytate  of  ■oda=0'ia  gnn. 
parUla. 

U 

MO 

lJ-8» 

0-07B 

'"S-W  "    ■■  •"""■ 

H 

BOO 

(7t« 

10«! 

o-offi 

norad 

Sanm.                           „      OtSgm. 
EMcUon  with  »'an,. 

a 

Itm 

OI*B 

s 

t3 

B30 

DDtDIOTMl 

aught       ;;       ;; 

IB70 

1 

W 

1670 

0-16S 

1   Avenge  dmlly  eicretlon    at  nrei 

80 

jMi 

OM. 

f     =8-247  grmt. 

\Mb 

' 
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Average  Daily  Ezczetion  of  various  Constitments 
under  Salicylate  of  Soda. 


Before 
Dnig. 

1 

With 
Drag. 

After 
Drag.    ! 

1 

Before 

and 

After, 

With. 

t 

Percentage 
Change  in. 

Water,  In  ccs. 
Urea,  in  erms. 
Urio  Aci(^  „ 

691 

8-353 

0-161 

482 
11-898 
0-082 

695 

8-258 

0-187 

1 

693 
8-305 
0  149 

482 
11-898 
0-082 

-80-4% 
+87-1% 
-44-9% 

lUsults. — With  moderate  doses  of  the  drug,  such  as  were  given 
in  Exp.  I.  and  II.,  no  influence  on  the  amount  of  water  excreted 
could  be  determined  ;  with  larger  doses  a  well  marked  diminu- 
tion in  the  amount  of  water  occurred,  and  in  Exp.  III.  distinct 
albuminuria  was  induced,  showing  that  this  drug  has  really  an 
irritating  action  upon  the  kidneys.  This  observation  fully  bears 
out  the  results  of  clinical  experience  of  its  use,  especially  in  scarlet 
fever,  where  it  is  undoubtedly  an  extremely  dangerous  remedy. 

The  urea  was  very  markedly  increased  in  spite  of  the  diminu- 
tion in  the  water. 

The  uric  acid  was  very  much  diminished.  This  last  is  a  point 
of  great  practical  interest  and  importance,  as  it  throws  very 
direct  light  on  the  benefit  derived  from  the  use  of  the  drug  in 
gout.  In  the  practice  of  M.  Germain  S^e  it  has  entirely 
replaced  the  use  of  colchicum  (Year  Book  of  Treatment  for 
1884,  p.  81). 

How  this  diminution  in  the  uric  acid  excretion  is  brought 
about  it  is  difficult  to  understand.  Obviously  it  is  a  diminished 
production  and  not  merely  a  diminished  excretion;  for  we 
have  no  great  rise  in  the  excretion  upon  discontinuing  the 
drug. 

Either  salicylate  of  soda  must  cause  a  more  complete  meta- 
bolism of  those  bodies  which  yield  both  uric  acid  and  urea« 
whereby  they  are  entirely  converted  into  the  latter  substance,  or 
what  is  more  probable,  the  produotion  of  salicyluric  acid  must 
interfere  with  the  formation  of  uric  acid. 

To  decide  this  point  a  quantitative  examination  of  the  uric 
acid  and  salicyluric  acid  under  the  influence  of  the  drug  would 
be  necessary.    Unfortunately,  there  is  at  present  no  method  for 
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the  accurate  qaantitative  determination  of  the  latter  of  these 
substances. 

Bertagnini  (Annal.  der  Chem,  und  Pharmac,,  Feb.  1856)  has 
shown  that  this  salicyluric  acid  is  produced  by  the  synthesis 
df  salicylic  acid  with  glycocol;  while  Horbaczewski  states 
( Wiener  Akad.,  Sitzb,,  II.  Abth.,  1885,  Mai)  that  he  has  prepared 
uric  acid  synthetically  from  glycocol  and  urea.  It  is  there- 
fore highly  probable  that  salicylic  acid,  by  uniting  with  glycocol 
to  form  salicyluric  acid,  prevents  the  production  of  uric  acid. 
Dr  Latham  of  Cambridge  has  already  developed  this  view  of 
the  formation  of  uric  acid  in  relationship  to  the  treatment  of 
gout  by  benzoates. 

II.  Benzoate  of  Soda. 

Dr  Butherford,  in  Exp.  68  and  72a  of  his  series,  has 
demonstrated  that  benzoate  of  soda  is  a  powerful  hepatic 
stimulant. 

From  the  connection  of  benzoic  acid  and  the  benzoates  with 
the  production  of  hippuric  acid,  the  influence  of  these  drugs 
upon  the  urine  has  received  a  considerable  amount  of  attention, 
though  only  two  really  careful  scientific  experiments  have 
hitherto  been  made  upon  the  action  of  the  benzoates  ttpon  the 
nitrogen  of  the  urine. 

Klitzinsky  ((Est.  Ztsckf,  prod.  ffeUk^Bd.  iv.  S.  41,1858) 
comes  to  the  conclusion  that  no  alteration  in  the  nitrogenous 
matter  of  the  urine  occurs.  I  have  been  unable  to  procure  the 
original  paper,  which  is  referred  to  in  Hermann's  Handbuoh 
der  Physiologie,  vol.  vL  p.  172. 

Meissner  and  Shepard,  in  their  admirable  paper  "  Ueber  das 
ETistehen  der  Hippursailre  im  thier.  Organismvs,**  Hanover, 
1866,  show  that  when  hippuric  acid  appears  in  the  urine 
after  the  administration  of  benzoic  acid,  the  urea  is  not 
diminished. 

Salkowski  {Ztsch.  f.  Physiol.  Chem.,  Bd.  i.  S.  45,  1877)  has 
recorded  two  very  careful  experiments  on  the  influence  of 
benzoate  of  soda.  The  diet  of  the  dog  upon  which  these 
observations  were  conducted  was  carefully  regulated,  and  a 
nitrogenous  balance  {atickstoffgleichgewicht)  established. 
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The  following  results  were  obtained : — 


Date. 

W.  of  Dog 
luKUoB. 

Urine  to 

CCS. 

Sp.  O. 

N.  Buiuen's 
Method. 

^r 

Remarks. 

16.7.76 

10*62 

400 

1014-6 

8-877 

0-866 

17 

« 

1014*6 

8*480 

0880 

18 

1&-66 

• 

1018*6 

8*206 

0-842 

•19 

400 

1028*6 

4-866 

1*832 

5*12  grms.  benzoic  acid  as 
soda  salt. 

*^20 

19*62 

400 

1086-0 

6*648 

1-844 

7-828  grms.  benzoic  acid  as 

21 

19*66 

400 

1014-6 

8-976 

0-786 

soda  salt. 

22 

19-47 

400 

1014*6 

8-182 

0-884 

28 

19*25 

400 

1016 

8-440 

0-840 

24 

19-OS 

400 

1015 

8*668 

0-860 

, 

•26 

19*06 

426 

1087 

6-872 

1-612 

7-688  gnns.  benzoic  add  as 

soda  salt. 
7-527  grms.  benzoic  add  as 

•28 

19-00 

400 

1088 

6-662 

1-206 

27 

18-8S 

400 

1016 

4*024 

0-624 

soda  salt. 

28 

18-78 

410 

T 

8-828 

BuDge  and  Schmiedeberg,  in  their  paper  on  hippuric  acid 
{Arck,  /.  Exp.  PathoL,  Bd.  vi.},  do  not  consider  the  influence  of 
benzoates  upon  the  nitrogen  excreted. 

C.  Yirchow  {loc.  cU.)  has  made  two  experiments,  under 
Salkowski's  direction,  and  finds  a  well-marked  rise  in  the  daily 
excretion  of  nitrogen  under  the  influence  of  benzoic  acid  given 
as  the  soda  salt.  His  results  agree  so  entirely  with  those  of 
Salkowski  that  it  is  unnecessary  to  reproduce  them  here. 

In  regard  to  the  action  of  benzoates  upon  the  uric  acid,  it 
was  long  ago  stated  by  Wohler  and  Keller  (Amu  der  Chem,  u. 
rfiarmac.,  xliii.  S.  108)  that  no  decrease  in  the  uric  acid  occurred. 

More  recently,  Garrod  has  investigated  the  subject,  and  has 
come  to  the  conclusion  that  benzoates  do  very  decidedly 
diminish  the  amount  of  uric  acid  excreted  ("Lettsomian  Lecture," 
Brit,  Med,  Jour,,  1883,  vol.  i.).  His  method  of  experiment 
was  not  altogether  satisfactory.  The  urine  of  the  24  hours  was 
not  dealt  with^  and  apparently  no  attempt  was  made  to  fix 
the  diet  I  here  quote  his  last  experiment  (Exp.  IV.),  which 
gives  results  exactly  similar  to  the  other  three,  and  will  serve 
as  an  illustration  of  his  method  of  procedure. 

I.  Urine  from  11  a. m.  to  2  p.m.,  after  60  grs.  of  benzoate  of  soda : 

Urine         =  5f  oz. 
Uric  acid   =  0'17  grs. 

II.  Urine  from  11  a.m.  to  2  p.m.,  after  120  grs.  of  benzoate  of  soda : 

Urine         >=»  9J  oz. 
Uric  acid   =  0*57  grs. 

III.  Urine  as  above.     No  benzoate  for  27  hours : 

Urine         =•  8  oz. 
Uric  acid    =  1  '00  grs. 
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IV.  Urine  as  above.     No  benzoate  for  51  hours : 

Urine         B  12  oz. 

Uric  acid   «  1*25  grs. 
Y.  Urine  as  above.     No  benzoate  for  75  hours  : 

Urine         =  10  oz. 

Uric  acid    »  l-00gr& 

Cook  (Brit.  Med.  Jmir.,  1883,  vol.  ii.  p.  9)  opposes  these  coo- 
clusioos,  and  contends  that  the  dimtnation  observed  by  Garrod 
was  due  to  the  presence  of  benzoic  acid  in  the  urine  preventing 
the  crystallisation  of  the  uric  acid. 

Using  the  method  of  uric  acid  determination  devised  by 
himself,  he  gets  the  following  results.  The  experiment  was 
made  upon  a  man  with  fixed  diet:— 


Date. 

Uric  Acid. 

Remarks. 

iSAjU 

18-0  grs. 

15 

12-8  „ 

16 

180  „ 

17 

•  •  • 

18 

18-2  „ 

19 

18-0  „ 

20 

■  •  • 

... 

21 

12-4  „ 

30  grs.  benzoate  of  soda. 

22 

187  „ 

60   f,          ,,              t> 

28 

H-0  „ 

40   tt           »»               »» 

24 

18-2  „ 

60    „           ,,               t, 

25 

«  •  • 

•  •  ■ 

The  question  of  the  influence  of  benzoates  upon  the  uric  acid 
must  therefore  be  regarded  as  undecided,  and  as  requiring 
further  elucidation. 

The  influence  of  benzoate  of  soda  in  the  water,  urea,  and  uric  acid  is 
shown  in  the  accompanying  table  and  abstract,  and  in  fig.  4. 

The  production  of  hippuric  acid  has  already  been  so  fully  studied, 
that  it  was  considered  unnecessary  to  make  any  estimation  of  the 
amoimt  produced. 

Its  disturbing  influence  on  the  accuracy  of  the  hypobromite  method 
for  the  estimation  of  urea  need  not  be  considered,  since  Knop 
{Ber.  d.  konig.  Sachs,  Gesdl.  d.  Wissen.,  1870,  p.  17),  and  Hiifner 
(/. /.  pract.  Chemie  N.  F.y  Bd.  iil  1871,  p.  18),  have  shown  that 
none  of  the  nitrogen  of  hippuric  acid  is  evolved. 

The  possible  disturbing  influence  of  hippuric  and  benzoic  acid  in 
the  urine  upon  Haycraft's  method  for  uric  acid  had,  however,  to  be 
investigated. 
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Does  the  presence  of  bensoates  in  the  urine  influence  the  accuracy 
of  Hajcraf t's  method  of  uric  acid  estimation  1 

Using  Hay  craft's  process,  the  urine  of  the  15th  Feb.  yielded  0  04% 
of  uric  acid. 

To  25  CCS.  of  this  urine  0*2  grms.  of  benzoate  of  soda  were  added. 
The  uric  acid  was  again  determined  by  the  same  method,  and  was 
found  to  amount  to  0039%. 

Exp.  Vb. 

Does  the  presence  of  hippuric  acid  vitiate  the  accuracy  of  Haycraft's 
method  1 

To  25  acs.  of  the  same  urine,  0*2  grms.  of  hippuric  acid  was  added, 
and  the  uric  acid,  determined  as  before,  was  found  to  be  0*041%. 

Therefore  the  presence  of  benzoates  and  of  hippuric  acid  do  not 
interfere  with  the  accuracy  of  this  process. 

On  the  16th  the  urine  contained  a  faint  trace  of  albumin,  and 
reduced  Fehling's  solution  very  remarkably,  giving  on  boiling  a 
copious  orange-coloured  precipitate.  So  marked  was  this  reduction, 
that  I  felt  convinced  that  sugar  was  present  and  endeavoured  to  make 
a  quantitative  analysis.  The  amount  of  Fehling's  solution  reduced 
indicated  the  presence  of  4%  of  sugar. 

With  Bottcher's  test  the  bismuth  was  only  slightly  reduced,  giving  a 
greyish  colour. 

The  fermentation  test  was  also  tried,  and  after  several  days  gave  no 
evolution  of  gas,  although  a  check  experiment  with  the  same  yeast 
yielded  an  abundance  of  carbonic  acid. 

The  reduction  is  due  to  the  presence  of  a  substance  described  by 
Salkowski  in  a  short  note  in  the  IZdtsch.  /.  Physiol,  Gkem.y  Bd.  iv. 
S.  135.     Its  exact  composition  has  not  been  determined. 

The  urine  of  the  17th  gave  a  still  more  marked  reduction  of  the 
cupric  salt,  but  no  evolution  of  carbonic  acid  occurred  on  the  addition 
of  yeast. 

On  the  18th  the  reduction  was  decidedly  less. 

Exp.  V. 


Date. 

Urine  in 

C.C8. 

^p.O 

(Treain 
grnw. 

Uric  acid 

Bowels. 

Bemarks. 

11.2.85 

J  745 
1746 

1000 

6-910 

0*280 

not  moved 

Weight  of  doff=13-6  kilos. 
Diet— Oatmeal  118  grms. 

12 

1009 

6-010 

0-230 

moved 

18 

(026 
'826 

1011 

6-700 

0-247 

not  moved 

Milk,  820  C.C. 

M 

1010 

6-700 

0-268 

moved 

16 

680 

1018 

6-005 

0-212 

not  moved 

16 

650 

1017 

7-640 

0-180 

moved 

7*0  grms.  benzoate  of  8oda=0-61 
grm.  per  kilo. 

17 

800 

1028 

11-680 

0-216 

not  moved 

7-6  grms.  benzoate  of  soda -0-66 
grm.  per  kilo. 

18 

710 

1011 

8-236 

0-232 

ti       >* 

19 

700 

1010 

7-140 

0-210 

II       It 

20 

Urin 

eloBt 

moved 

21 

600 

1012 

6-000 

0-263 

not  moved 

22 

760 

1010 

6-080 

0-268 
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Average  Daily  Ezcrstion  of  various  Conatituenta 
under  Beneoate  of  Eoda. 


Before. 

With. 

After. 

Before 
Biid 
After. 

With. 

Pereentafi- 

Wat*r,  in  c.ci 
Um.  in  gtma. 
Urio  AdJ,  „  . 

fl'863 
0  238 

720 

9-162 

OlflB 

853 

B-840 
0-230 

ess-6 

6-251 

0-236 

720 
9162 
0  196 

m 

Exp.  vr. 

During  the  administration  of  the  drug,  which  was  given  in  the  form 
of  a  pill  made  up  with  a  little  niucil^e,  the  reducing  power  of  tlie 
urine  on  Feliling'a  solution  was  well  marked. 

The  influence  of  the  drug  is  shown  in  the  table  and  abstract,  and 
in  fig.  5. 


klUTitUrBBIF  or  ITSU   POBM&TIOK  to   bile  SECRmoK. 


gnn*. 


1009 

8-660 

1010 

8-660 

1011 

8-3S6 

1010 

8-183 

1011 

S-482 

1023 

11-700 

1016 

6'1«0 

ioa« 

18  030 

10  0 

6-808 

10  s 

8-808 

10  3 

8-lW 

10  3 

8-1*0 

10  0 

7 -650 

10  1 

7-650 

1010 

7-717 

1011 

7-717 

0-21S 
0-180 
0-1&9 


1 7  f;rms.   benzo&te  of  scda— 0-61 

>     gnu.  per  kiln. 

iS   grna.   betnoate   of    soda— 0'6 

'      una.  per  kilo. 

I  7-6  gniu.  beDEwto  of  wd«— i 

I     grm.  p«r  kilo. 


Orio 
Add. 
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Average  Daily  Excretion  of  various  Constitaents  under 

Benzoate  of  Soda. 


1 

Before. 

With. 

After. 

Before 
and  After. 

With. 

Percentage 
Change. 

Water,  iu  cos. 
Urea,  in  grms. 
Uric  Acid,  ,, 

1 

793 
8-425 
0-287 

683 

10-298 

0  183 

664 
7-696 
0-159 

728 
8-010 
0-198 

688 

10-298 

0  188 

-6-8% 
+  28-5% 
-82-8% 

BesiUts. — My  experiments  merely  confirm  the  observations  of 
Salkowski  and  Virchow  in  regard  to  the  uroa  excreted. 

They  also  show  that  in  the  dose  given  benzoate  of  soda  has 
practically  no  influence  upon  the  amount  ot  water  excreted. 

The  point  of  chief  interest  is  the  clear  demonstration  afforded 
that  benzoate  of  soda  really  does  diminish  the  uric  acid  excretion. 

At  present  I  cannot  discuss  the  relationship  of  the  hippuric 
acid  produced  to  this  diminution  in  the  uric  acid.  It  is  a 
matter  of  great  importance  which  I  hope  further  to  investigate. 


III.  COLCHICUM. 

On  the  cholagogue  action  of  colchicum  Rutherford  gives  two 
experiments  (Exp.  17  and  18),  which  show  that  this  drug  is 
undoubtedly  an  hepatic  stimulant  and  a  powerful  hydrocatliartic. 
The  dose  of  the  aqueous  extract  used  in  these  experiments  was 
large — 60  grs.  being  given.^ 

The  influence  of  colchicum  upon  the  urinary  Sdcretion,  and 
upon  the  urinary  constituents  has,  from  the  connection  of  this 
drug  with  the  treatment  of  gout,  been  much  studied  clinically. 

All  the  earlier  observations  on  the  subject,  as  those  of 
Cholius  (Lewins,  Ed.  Med.  atid  Surgical  Jour.^  1841,  p.  200), 
of  Ghristison  and  Maclagau  {Ed.  Month.  Jour,  of  Med.  Sc,  3d 
series,  vol.  xvi.  p.  24),  are  valueless,  as  the  daUy  amount  of 
urine  is  not  taken  into  consideration. 

Boecker  {Beitrcige  zur  JleUkunde,  Crefeld,  1849)  concludes  that 
colchicum  has  practically  no  effect  on  the  renal  secretion,  but 
his  experiments  show  too  many  fallacies  to  allow  of  his 
conclusion  boing  accepted. 

KraUmer  (Jowr.f.  PrcLct.  Chctniet  Ud.  41)  ^ives  the  foliiiwing 

^  In  all  probability  the  sample  used  was  not  freshly  prepared. 
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table,  showing  the  effect  of  the  administration  of  colchicnm  on 
the  various  constituents  of  the  urine  in  grms : — 


I 
1 

Amount. 

Dry 
Resi- 
due. 

Combus- 
tible 
Comix)- 
neuts. 

Ash.    '  Urea. 

Uric 
Acid. 

0-36i 
0-684 

Mean  of  62  observations- 

without  the  drug  iu  usual 

condition, 
>  MeanofSobservationsdur- 
1    in^  the  use  of  tinct  col- 

cfaici  seminum  in  doses  of 

1  to  5  drachms, 

2084-6 
1756-5 

74-008 
71-987 

39-651 
42-259 

35-242 
29-728 

19-640 
22-848 

Hammond  {Proc  PhUad,  Acad,  NcU.  8c.,  Dec.  1858,  p.  18) 
gives  a  series  of  experiments  upon  the  vegetable  diuretics.  He 
finds  that,  while  digitalis,  juniper,  and  squills  increase  the  water 
excreted,  colchicum  alone  increases  the  solid  constituents. 
His  experiments  were  conducted  upon  a  healthy  man,  with  slight 
precautions  in  regard  to  diet  and  exercise.  The  following  table 
gives  his  results : — 


- 

Urine. 

Sp.G. 

Total  SoUds. 

Inorganic. 

Oiganic. 

Normal  staodard,  . 
Under  colchicnm,  . 

1280 
1556 

1025 
1028 

68-12 
77-28 

29*88 
85-28 

33-29 
42-04 

S.  R.  Percy's  paper  on  the  subject  of  the  influence  of  colchicum 
upon  the  uric  acid  excretion  (Amer.  Med.  Times,  1862)  is  absol- 
utely valueless,  as  the  method  adopted  for  estimating  the  uric 
acid — by  observing  the  amount  of  precipitate — is  exceedingly 

crude  and  fallacious. 

Garrod,  in  his  admirable  "  Treatise  on  Grout  and  fiheuniatic 
Gout,"  has  given  the  results  of  a  tolerably  full  investigation  into 
the  action  of  colc)iicum  upon  the  uric  acid,  and  of  one  or  two 
observations  on  its  influence  upon  the  urea.  Two  experiments 
upon  healthy  patients  are  given. 

In  his  first  experiment  the  average  amounts  of  water  and  of 
uric  acid  were  as  follows : — 

For  four  days  before  administration  of  any  drug — 

Water  averaged  68*5  fl.  oz.  per  diem. 
Uric  acid       „    8*24  gn. 
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For  five  days  under  colohicnm  the  average  was— 

Water  55*6  fl.  oz.  per  diem. 

Uric  acid       „     7*67  grs.    „     „ 

Tn  his  second  experiment  the  averages  for  three  days  before 
the  drug  was  given  were — 

Water         -     37*7  fl.  oz. 
Uric  acid     «       5*03  grs. 

Averages  for  five  days  while  drug  was  given — 

Water         -     26-2  fl.  oz. 
Uric  acid     »       529  grs. 

lu'om  a  more  careful  study  of  the  details  of  these  experiments 
we  see  that  nothing  can  be  deduced  from  them.  The  daily 
variations  in  the  uric  acid  excreted  were  very  great,  and  com- 
pletely vitiated  the  results. 

Garrod  also  gives  six  observations  on  the  urine  of  gouty  patients. 
Observations  on  the  action  of  a  drug  in  disease  are  of  little 
value,  and  we  therefore  refrain  from  quoting  these  experiments. 

From  his  observations  he  is  led  to  the  following  conclusions : — 

"  1.  There  is  no  evidence  that  colchicum  produces  any  of  its 
effects  upon  the  system  by  causing  the  kidneys  to  eliminate  an 
increased  quantity  of  uric  acid ;  in  fact,  when  the  drug  is 
continued  for  any  length  of  time  it  appears  to  exert  a  contrary 
effect. 

"  2.  We  cannot  assert  that  oolchicum  has  any  effect  upon  the 
excretion  of  urea  or  the  other  solid  ingredients  of  the  urine. 

"  3.  Colchicum  does  not  act  as  a  diuretic  in  all  cases  ;  on  the 
contrary  it  often  diminishes  the  quantity  of  urine,  more  especially 
when  it  produces  a  marked  effect  on  the  alimentary  canaL" 

Certainly,  in  respect  to  the  action  of  colchicum  upon  the 
urea  and  uric  acid^  Garrod  has  little  ground  upon  which  to 
base  his  conclusions.  Painstaking  and  careful  as  are  his  experi- 
ments they  are  open  to  all  the  many  fallacies  of  clinical  obser- 
vation; while  his  use  of  the  old  method  of  Heintz  for  the 
estimation  of  uric  acid  renders  even  his  analysis  open  to 
objection. 

Obviously  the  question  of  the  action  of  colchicum  on  the  urea 
and  uric  acid  of  the  urine  must  be  regarded  as  totally  unsettled 
and  requiring  careful  experimental  study« 
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In  this  experiment  very  large  doses  of  the  drug  were  given,  and  as 
is  seen  in  the  abstract  a  mnch  smaller  percentage  increase  o|  the  urea 
occurred  than  in  the  next  experiment.  The  marked  purgation  which 
was  induced  may  have  prevented  a  greater  increase  in  the  urea 
excretion. 

The  influence  of  colchicum  on  the  uric  acid  \a  not  well  illustrated  in 
this  experiment — ^thougli  on  the  second  day  of  the  administration  of 
the  drug  a  well-marked  rise  occurred.  In  all  probability  the  diarrhoea 
induced  had  something  to  do  with  the  great  fsdl  which  occurred  on  the 
third  day. 

Exp.  VII. 


Dftte. 

Urine 

in 

cxs. 

Sp.  O. 

Urea  in 
grms. 

Uric 

Acid  in 

grins. 

Bowels. 

Remarks. 

15.12.84 

020 

lOiO 

6-202 

0-1041 

moved 

Weight  of  dog=12-08  kilos. 

10 

400 

ion 

5-520 

0-1881 

»» 

Diet  as  in  previous  experiment. 

17 

606 

1012 

0-780 

0-1011 

not  moTed 

18 

620 

1018 

7-800 

01804 

moml 

0*5  erm.  acetic  extract  of  col- 
<micum=0*080  gnu.  per  kilo. 

19 

640 

1014 

8-262 

0-2100 

copions  soft  semi- 

1-0 arm.  acetic  extract  of  col- 
cnicmn=0*078  grm.  per  kilo. 

fluid  evacnation 

SD 

425 

1016 

8-062 

0-0868 

oopions  soft 

1*1  gnu.  aoetie  extract  of  col- 
cnicum^O-OSO  grm.  per  kilo. 

evacuation 

21 

402 

7-718 

0-0800 

several  watery 
evacuationB 

22 

.402 

7-718 

not  moved 

28 

400 

1018 

0-560 

moved 

Average  daily  Excretion  of  the  various  Constituents  under 

the  influence  of  Colchicum. 


Before 
1   Dmg. 

With 
Drug. 

49.5 
8*041 

After 
Drag. 

461 
7 '882 

1 

Before 
and 

After. 

1 

1 
With. 

495       1 
8-041 

1 

Pei-centage 
Change  in. 

Water,  in  c.c8. 
Urea,  in  grms. 

548 
6-187 

504 
6-769 

-1-6% 

+  18-1% 

The  nric  acid  is  not  given  in  this  table,  as  it  was  not  estimated  on  the  two  days 
sncceediDg  those  on  which  colchicnm  was  given. 


JKrp.  VIII. 

The  influence  of  moderately  large  doses  of  the  acetic  extnict  of 
colchicum  on  the  water,  ure6^  and  uric  acid  daily  excreted  ia  shown  in 
the  accompanying  table  and  abstract,  and  in  fig.  6. 

In  this  experiment  the  chief  point  of  interest,  apart  from  the  special 
VOL.  XX.  T 
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action  of  colchicum,  is  the  tUaatrstion  it  ofFordfl  of  the  inflaenoe  of 
porgatioa.  On  the  12th  and  14th  a  copious  soft  motion  followed  the 
adininistiation  of  the  drug,  and  the  urea  was  only  slightly  increased, 
while  upon  the  ISth,  when  the  bowelfl  were  not  moved,  a  greater  liae 
occurred. 


Exp.  VIII. 


IMt. 

Urine  In 

D.ca. 

6p.a 

tlWlD 

■raw. 

UiloAdd 
inirau. 

Bowdl. 

Benurki. 

8.1.89 

STS 

"imT 

G-OU 

O'OH 

moved 

Weight  of  dog^lMkOo.. 

sre 

101! 

s-o« 

Ofl» 

DMulopieTtoiueipeii- 

10 

1011 

B-140 

0-lM 

■ratnioTed 

11 

61M 

tto 

lOlt 

T-6« 

0-m 

OB  frm.  tuMo  Olt.  ool- 
eblat  =  0-On  par  kdlo. 

IS 

oo 

lOU 

lO-TM 

DotmoTed 

OS  nro.  aortlo  eM.  eol- 
cOd.  0-01  per  klla 

«10 

1018 

8-8S* 

OlM 

coplDUtottmatkni 

01  Erm.  eoetio  eit  col- 
dild-O^Wperkllo. 

IB 

l« 

I4SB 

lOlS 

0-OtO 

aolmared 

1«8 

low 

fl-OfO 

0107 

■UOf«l 

notmoTMl 

ST 


Bnt.  Tin.— Emretlon  of  Una  and  IWo  Add  nadar 

Colchlcuni.    O'fi  am.  of  acetlo  eitract  given  it  a, 
Q-agrm,  \tt,  BDdO'l  gun.  at  c. 
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Averagft  daily  Exoretion  of  variona  CoMtituento  ondar  Colchioniii. 


Bflton 
Dnig. 

With 
Drug. 

^*^       Aftar. 

With. 

issr 

Wstef,  fat  COL 
Urea,  in  pma. 

432 
6-092 
0109 

fiS8 
9 -OSS 

o-iis 

G06           468 
8178       6686 
0-102        0106 

Gas 

e-063 
0-143 

+  26t% 
+  60-9% 

£xp.\X. 

Id  tliis  experimeat  a  recently  prapared  sample  of  ac«tic  extract  of 
colnhicam  was  used.  TbU  probably  acconnts  for  the  great  pmgation 
induced  by  small  doses. 


^ 

Urina 

^0 

t>ra> 
gnu*. 

Aoldld 
gm.. 

Bowsk. 

Bemula, 

19.1M 

MO 

looe 

t-m 

o-tes 

moired 

21 

low 

ttw 

0-119 

""'S'Ju'S^I^^'^'^ 

7*0 

8-SI4 

maomu 

"^iS^.'Si.'^^iSr"-^ 

W 

e-«M 

0-OBS 

rar 


Exp.  IX.— Sxoretlaii  of  Una  rad  ITrlc  Add 

under  CDlchlcam.   O-t  gno.  uetlc  rntnct 

CD  It  d,  igalti  M  t.    Very  Itm  pniw 
IndiMd. 
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Average  dftil;  ExoietioB  of  Tariooa  ConatituenU  nodei  Colchicnm. 


Befora 
Drag. 

•With 
Drag. 

Aft«T 

Drag- 

Befora 

After. 

With. 

Percentage 
Chuigein. 

WKt«r,  in  CO. 
TJM«.inprmB. 

Uric  Acid,  „ 

020 

0-087 

720 
6-»67 
0-122 

sea 

8  417 

0-07fl 

GSl 
«S21 

O'OSS 

720 
8-9E7 
0122 

+  31 -8% 

Date. 

sts. 

sp-o 

Id 

Uric 
Add  in 
gnat. 

Boweli. 

Bfmirki. 

H.T.SB 

18 

B 

a 

2 

580 

i 

ato 

une 

low 

1018 
1007 
10O9 
1009 

e-aa 

fl«0 

BIT! 
BEOS 

t-oeo 

B-600 

re-wo 
e«8 

o-OM 

0-1  aa 
OIW 

0-06T 

O-OOl 
0-086 

iiotn 
mored 
moved 

loOH 

*ed 

o»ed 
nd 

Wilcht  ot  dos^U'U  Uloi. 
DKt  u  In  pnTloiu  uvcHncDU. 

0-lG  gim.  Met  «xL  ooliihlcl= 0«1U 

gm.  per  Ulo. 
0-90  grm.  *«t.  sit.  oolcUdEODltT 

gnii.p«tUlo. 
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Avenge  Daily  Eznetdon  of  the  yuioiu  Conatitaenta  uoder 
Colchicnm, 


Befeie 
Dmg. 

With 
Dn.g. 

Afto 
Drug. 

Before 

and  After. 

With. 

WtUr,  in  CCS.      . 
Ure»,  Id  grma.      . 

Urn  Acid,  ,. 

B48 
6-20* 
0-O81 

B71 

S786 
0-118 

flOS 
6-468 

0-077 

667 
6-828 
0-078 

671 
6-786 

0-118 

Water,     . 
Urea.        . 
Uric  add, 

Perceatag 

8  change  in 

Ei^.  XL 


DXa. 

DllM 

Is 

Bp.Q, 

Una  In, 
gntu. 

Dilo 
AddiD 

BoweU 

..„.^ 

V 

' 

7-176 

01*1 

* 

m 

low 

a-eu 

0-ioa 

B-TiO 

uijyi 

notmoifed 

^ 
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Average  Daily  Excieiioii  of  yaiionB  ConetitoeDtB  under 

Colchioum. 


Before. 
Drug. 


I 


Water,  in  cos. 
Urea,  inRrma. 
UrioAciof,  . 


677 
6748 
0-0646 


With. 
Drag. 


786 
6*784 
0112 


Percentage 
Change  in. 


-h27-8 
+  18 
+78-8 


BesuUs. — ^The  above  five  experiments  clearly  show  that  in 
medium  doses  colchicum  increases  the  water  and  urea  excretion 
to  a  moderate  amount,  and  the  uric  acid  excretion  to  a  much 
greater  extent.  Indeed  the  most  striking  feature  of  these  experi- 
ments is  the  very  marked  increase  in  the  uric  acid  production 
indicated  by  them,  an  increase  which  renders  it  difficult  to 
explain  the  well-known  beneficial  action  of  this  drug  in  gout. 
For,  that  an  increased  production  and  not  merely  an  augmented 
excretion  is  indicated  by  these  experiments  is  proved  by  the 
fact  that  after  the  administration  of  the  drug  is  discontinued  no 
great  fall  below  the  normal  daily  excretion  occurs. 


IV.  Perchloride  of  Mercury. 

Experiments  78a,  78b,  78c,  and  78d  of  Professor  Buthcrford's 
series  clearly  show  that  perchloride  of  mercury  is  a  cholagogue 
of  considerable  power. 

In  spite  of  the  length  of  time  during  which  mercury  has,  in 
difierent  forms,  been  lai^gely  employed  in  medicine,  I  can  only 
find  one  or  two  experiments  on  its  action  on  the  tissue  meta- 
bolism {stojwechsel),  as  estimated  by  the  amount  of  nitrogen 
cxcrctc'l. 

Harvey  (£rU.  and  For.  Medico-Chir.  JRcv.,  vol  xxix.  p.  615) 
records  a  series  of  experiments  on  the  action  of  blue  pill  mass 
and  perchloride  of  mercury  upon  the  urea  excretion  in  dogs. 

The  dogs  were  kept  in  a  cage,  the  urine  being  collected  much 
as  in  my  own  experiments.  The  diet  consisted  of  "  paunch."  This 
is  a  form  of  dog's  meat  sold  in  London,  and  consists,  I  be1ieve>in 
the  intestine,  stomach,  liver,  &c.,  of  sheep  and  oxen. 

In  Exp.  I.  the  dog  got  6  oz.  of  *'  paunch  "  and  ^  pint  of  water 
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daily.    For  seven  days  before  the  admiaistration  of  the  drug  the 
urine  was  daily  collected  and  the  area  estimated.- 

Daring  the  next  fonrteen  days  the  pil.  hydrarg.  was  given  in 
doses,  commencing  at  2^  grs.  and  increased  to  15  grs.,  so  that 
in  the  fonrteen  days  100  grs.  of  the  drug  were  taken.  The 
following  table  gives  the  average  excretion  of  water  and  area 
before  and  nnder  the  administration  of  the  drug. 

Befote  With 

Water  203*187  grmB.  .        212*39  grms. 

Sp.G.  1041  1043 

Urea  13  grms.  12*9  grm& 

In  Exp.  IL  the  dog  got  12  oz.  of  '*  paunch "  and  ^  pint 
of  milk.  For  nine  days  no  drug  was  given,  then  for  nine  days 
the  liquor  hydrargyri  perchloridi  of  the  pharmacopoeia  in 
doses  of  one  or  two  drachms.  The  larger  dose  produced 
diarrhoea. 

Average  daily  excretion  before  and  with  the  drug : — 

Before  With 

Water        .        393*687  grms.  .        315*7  grms. 

Sp.a                 1026  1031 

Urea          .        8*515  grms.  8*580  grms. 

During  this  experiment  the  water  and  urea  excreted  varied 
much  from  day  to  day. 

Exp.  III.  was  similar  to  Exp.  IL,  but  the  dog  was  kept  for 
twelve  days  without  the  drug,  and  for  twenty-one  days  it  had 
daily  the  liquor  hydrargyri  perchloridi  in  doses  of  from  one  to 
two  drachms.    The  following  results  were  obtained  *. — 

Average  daily  excretion  before  and  with  the  drug : — 

Before.  With. 

Water        .        339*06  grms.  342*77  grms. 

Sp.G.        .         1030   .  .        1024 

Urea  .         15*9  grms.  .        14*323  grms. 

During  these  experiments  the  dogs  are  said  to  have  enjoyed 
perfect  health. 

Unfortunately  these  experiments  are  not  satisfactory.  The 
diet  given  was  much  too  liberal,  and  we  find  in  consequence 
very  large  daily  variations  in  the  amounts  of  water  and  of  urea 
excreted.  Besides  such  a  substance  as  "paunch"  is  not  of 
sufficiently  fixed  a  composition  to  render  it  suitable  for  such 
experiments. 

The  only  other  observation  of  any  value  which  I  have  been  able 
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to  find  is  by  Hermann  v.  Boeck  (Zdtsch.  f.  Bid.,  vol.  v.  p.  393). 
It  is  to  be  regretted  that  this  most  careful  observation  was  not 
made  upon  a  healthy  man.  Unfortunately  a  syphilitic  case  was 
selected,  so  that  the  results  obtained  must  be  accepted  with 
great  caution. 

The  method  of  experiment  was  ingenious  and  admirable. 
The  nitrogen  contained  in  the  diet  was  estimated  and  compared 
before  and  under  the  administration  of  the  drug  with  the  nitrogen 
excreted  by  the  kidneys  and  in  the  faeces. 

The  diet  was  liberal,  consisting  of  eggs,  bread,  milk,  beef 
extract  or  soup,  beer,  butter,  and  salt. 

The  patient  was  a  man  aged  44,  who  had  been  infected  with 
syphilis  three  mouths  before,  and  who  suffered  at  the  time  from 
secondary  syphilis,  condylomata,  &c.  On  the  10th  of  Oct.  he 
was  put  upon  a  fixed  diet,  and  from  the  12th  to  the  15th  the 
urea  excretion  was  nearly  constant  On  the  15th  mercurial 
inunctions  were  commenced.  On  the  20th  salivation  occurred, 
and  on  the  22nd  the  eighth  and  last  inunction  was  given. 

Boeck  gives  a  full  table  of  the  nitrogen  in  the  diet,  the  amount 
of  urine,  the  sp.  gr.,  the  urea,  the  nitrogen  in  the  urine,  and  the 
nitrogen  in  the  faeces. 

The  following  table  shows  his  results,  so  far  as  they  concern 
the  present  question : — 


Date. 

Remarks. 

Nit  of  Diet. 

N.  Excreted. 

] 
Urea. 

10 

16-1 

12-4 

267 

11 

167 

17-4 

807 

12 

171 

16-8 

81-8 

18 

177 

18-6 

34  5 

14 

17-8 

17-6 

32-0 

15 

InuDction  daily  till  22nd. 

17-3 

18-6 

34*9 

16 

17-6 

18-8 

35  0 

17 

17-6 

18-9 

33-9 

18 

Some  Diarfheea. 

17-8 

19-2 

88  1 

19 

17-6 

18-5 

36-4 

20 

17-4 

19-2 

87-0 

21 

17-8 

180 

35-5 

22 

Diarrhoea. 

17-5 

19-0 

33  1 

28 

17-5 

18 '0 

82  3 

24 

177 

17-9 

33 -3 

25 

177 

17-9 

82*8 
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Before  the  inanctionfi — ^from  the  12th  to  the  15th 

52*1  gmm.  of  nitrogen  were  taken  in  )        .   a  r?/ 
52-4        „        „        „        excreted  /  "  "♦•  "  ^/o 

Daring  the  application  period — 

193*2  grms.  of  nitrogen  taken  in  )         ,   ^.go/ 
204-0  gnna.  of  nitrogen  excreted  /  **  "*"  ^  ^/o 

I  cannot  agree  with  Boeck's  conclusion  that, ''  Dieses  Plus  ist 
ganz  unwesentlich  und  beruht  zum  Theil  auf  Fehlem  der 
Methode,  zum  Theil  vielleicht  auf  den  Diarrhoen,  die  mehr 
stickstoffbaltige  stoffe  den  E5rper  entflihrten." 


Mvp.  XI. 

The  perchloride  of  mercury  was  given  in  piUs  made  up  with  starch. 
Even  with  the  dose  given,  0'037  grms.,  which  was  large,  ahsolutely  no 
physiological  effects  were  produced,  and  it  is  extremely  probahle  that 
the  drag  was  never  absorhed,  but  that  the  piUs  passed  through 
undigested. 

£xp.  XII. 

The  resalts  of  Experiment  XL  were  negative,  probably,  as  before 
stated,  on  account  of  the  form  in  which  the  drug  was  given. 

Experiment  XIL  was  made  on  another  dog  weighing  13*14  kilos, 
which  had  been  kept  for  more  than  a  month  upon  a  diet  similar  to 
that  used  in  the  former  experiment&  Before  the  drag  was  given  it 
had  been  for  more  than  a  week  excreting  an  almost  equal  amount  of 
urea  each  day.  The  drug  was  given  in  the  form  of  a  pill,  made  up 
with  a  very  small  quantity  of  oatmeal  and  gum.  During  and  follow- 
ing the  administration  of  the  drug  no  constitutional  symptom  could 
be  detected. 


£xp.  xn. 

Date. 

Urine  in 

C.C8. 

Sp.O. 

Urea  in 
grms. 

Uric  Acid 
in  grms. 

Bowels. 

Semarlci. 

18.4.86 

10 

20 

21 

22 

28 

24 

28 

20 

27 

28 
28 
80 

680 

660 

(686 

1686 

J686 

1686 

606 

740 

780 

666 

810 
745 
080 

1010 
1010 
1010 
1011 
1000 
1010 
1011 
1010 

1000 

1011 

1016 
1000 
1011 

6*148 
6-600 
6*600 
0*600 
6*778 
6*778 
6-716 
7*400 

6*662 

7*606 

14*680 
7*008 
680O 

0*076 
0*084 

0*102 
0*064 
0*106 
0*188 
0*148 

0101 

0*086 

0*187 
0*007 
0*062 

moved 

II 
i> 
>i 
It 
II 
II 
II 

II 

II 

II 
II 
ti 

Weight  of  dog»18*14  kiloi. 
Diet  as  in  previoua  ezperimente. 

in  pIUsO-0015  gim.  per  kilo. 

0*04  grm.  perohloride  of  mercury 
In  piUsO'0080  grm.  per  kflo. 

0*06  grm.  perchloride  of  mercniy 
in  piU«OH)0e8  grm.  per  kilo. 
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Avenge  Dai^  Ezcretioa  of  the  variotu  Constitaente  under 
Peiohloride  of  Menniy. 


B«f<>n 
Dreg. 

With 

After 
Drug. 

B«fon 
•nd  After. 

Witb. 

PwwntagB 
Cbuigeuu 

Water,  in  co*. 
Ure«,bgniu, 
UrioAdd,,,  .       . 

osg 

6-684 
0-OW 

746 
7-878 
0-107 

680 
6-800 
0-083 

SS4 
0-408 
0-OM 

746 
7-978 
0-107 

+  184% 

Eap.  Xni. 


Dale. 

"q 

..„ 

UtmIb 

.SSi. 

BowtU. 

Bniurin. 

i>.tji. 

gnu. 

tl.G.» 

(AIT 

moTOd 

Wdsbtotdoo-lStTkllo*. 

» 

rot 

1007 

8708 

0-118 

o-oss  grm.  Hi^lu  >odlde  at  intmtun 
0-008  mn.&CT.lJ^Safir  of  [>i>Unluni 

K 

BUU 

lUlU 

'■"* 

o-ceo 

B 

OOB 

a-810 

0-OM 

•■ 

bdMA 


0-0108  gtm  perchlorlda  glraa  at  ■,  0-OSI  gnn.  at  i. 
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Avenge  Daily  Ezcmtion  of  the  vanona  CoBBtitooite  oiider 
Perchloride  of  Mareury. 


BtTon 
Dmg. 

With 

After 
Drag. 

Befbrs 
and  After. 

With. 

Perowitage 
ChMigein. 

Wftter,  in  0.08.      .         608 
UnB,iQgniw.       .      6-604 
UrioAdd,,,         .      0091 

tut 

7108 
0-098 

609 

e-rss 

0-081 

606 
C*e09 
0-087 

St9 
e-69i 
0-098 

+  7-09% 

+ia-flg 

B^XIV. 


DtU. 

Orlat 
In  tun 

Bp.a 

Una  In 

armi. 

Add  in 

BOWBII. 

Ramub. 

a.bM 

(ITO 

1011 

0-090 

0-0067 

mored 

WBl«btofdoe=U-aTkllo<. 

ni0T*J'<ion> 
movsd 

IB 

MO 

1011 

B-na 

0-009 
(HMT 

OlOgrnLBsOtbiiiatatO-QUItem. 

eacb^KiOTl  Ktm.  pw  kOo. 
0-10 gem.  Hai^KpllfigfODBOBrm. 

.*• 

0-080 

0  06  gnu,  glvmi  at  •.,  OlO  gi 
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AT«iage  Daily  Ezontion  of  the  varioos  ConBtitaents  imd« 
Perchloride  of  Maicxaj. 


B«fon 
Drag. 

With 

Drag. 

After 
Drag. 

Before 
and  After. 

With. 

Peroentip 
Chang,  in. 

Water,  in  e.c 
Urea,  in  smu. 
UriTAcii,  „ 

S82 

B-oai 

0-085 

608 
6-846 
0-099 

BIS 
6-SM 

0-078 

B47 
5-688 
0-083 

008 
B-M6 
0-09B 

-HI -16% 

JErp.  XV. 


Data, 

Urin* 

la  CM. 

IV.  a 

x 

AoMtn 

Bm 

wOm.                           BttaukM. 

im 

S-BIO 

mo 

ni          Welchtold<«-U-trrklka 

0170 

"  ateS'ulnflon  ^  poUiiL  loSidl 
In  ej^»  oawm&O-OOM  grm. 

'■ 

ew 

IDIS 
lOOT 

fl-8» 

0-oet 
0-at 

moiBd 

" 

1007 

6«T 

oooe 

1   !«•(  *bowi  Uw 


Kip.  XV.— KiaraHoDOlVrmuidUrtBAcldnii 

of  Uercnirbi  BolDtlmol  PoUalc  lodlda.    0-00  gnu.  EtTm 
at  1,  D-OBT  grm.  it  >,  uid  0-O7S  iim.  it  c. 
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Average  Daily  Excretion  of  varioiiB  Constitaente  under 

Perchloride  of  Mercury. 


Before 
Drag. 

With 
Drag. 

After 
Drag. 

Before 
and  After. 

With. 

Percentage 
Change  in 

Water,  in  ccs. 
Urea,  in  ffrms. 
Urio  Acta,  ,, 

619 
5*996 
0-088 

636 
6*930 
0-163 

568 
5-798 
0-096 

593 
5-896 
0-091 

636 
6-980 
0-163 

+  7-25$ 
+  17-5% 
+  68% 

1 

Bemlts. — Bofch  the  perchloride  of  mercury  and  the  iodide 
cause  a  distinct  rise  in  the  water,  urea,  and  uric  acid  excre- 
tion. My  reason  for  using  the  iodide  will  be  explained  in 
a  future  paper,  while  considering  the  nature  of  the  relationship 
between  the  urea  and  bile-forming  functions. 


V.  EUONYMIN. 

Experiments  27  and  28  of  Professor  Kutherford's  series  show 
that  euonymin  is  a  powerful  hepatic  stimulant. 

In  regard  to  its  action  on  the  composition  of  the  urine  I  can 
find  only  one  observation,  by  Cook  (Brit.  Med.  Journal,  vol  i. 
1883,  p.  1060). 

To  a  man  kept  on  fixed  diet,  one  grain  of  the  drug  was 
administered  on  an  empty  stomach  on  the  days  marked  with  an 
asterisk. 


Date. 

Urine. 

Sp.  0. 

Urea.              Uric  Acid. 

Nov.  1* 
2* 

r 

6 

38  oz. 
84    „ 
60    ,. 
46    „ 
48    „ 

1020 
1022 
1020 
1020 
1020 

360  grs. 
382    „ 
340    „ 
876    „ 
340    „ 

11-7  grs.' 
14-3  „ 
17-4  „ 
14-3  „ 
12-5  „ 

He  concludes  from  this  very  insufficient  experiment  that 
while  euonymin  exerts  no  influence  upon  the  urea  excretion  it 
increases  the  excretion  of  uric  acid. 

Practically  nothing  is  known  of  the  action  of  the  drug  upon 
the  urinary  constituents. 
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Sxp.  XVI. 

The  dog  had  b«en  apon  a  fixed  diet  from  October  6,  and  had  lost 
3'17  kilos  weight     It  was,  however,  healthy  and  strong. 

Bafoie  NoTembet  3  the  Tariations  in  the  daily  urea  excretion  were 
coneiderable,  bnt  the  average  from  October  28  to  Novembei  3  was  6*4 
gnus,  per  diem.  From  November  3  the  daily  excretion  became  more 
constant,  and  on  the  7th  0*5  grma.  of  green  enonymin,  procured  through 
Duncan  &  Flockhait  from  Kieth  &  Co.,  was  administered  in  the 
form  of  a  pill  made  up  with  a  drop  or  two  of  alcohol,  and  next  day 
0-76  gmuL  were  given. 

The  accompanying  table,  abstract,  and  fig.  13  show  the  influence  of 
the  dmg  upon  the  urina 


Exp. 

XVL  and  XVII. 

Date. 

Trine 

,p.O 

ITtMlll 

Bnni. 

Bovelt. 

SjnoKtt. 

s' 

i 

1011 

S'SS6 
4840 

7-an 

O'lOO 

not  moved 

wagMalim-ti-VViot. 

Dlst,0Um(^^t<egrm>. 

Eaan^mli;  0-6  ^.=0-0«  gm.  per 

B 

600 

loie 

7-SBS 

0-0B3 

BucmrinlD  0'T6  gnn.'^O'Ofl  gnn.  per 

KnnojTOln  1'6  Bnii.={|-1   gRo.    per 
EuonymlQ  1-0  gnii.=0-ie  Bra.  per 

9 

»70 

lOlt 
1018 

B-WO 
6-000 

6-2U 

S-MS 

0-H» 

o-oeo 

0-04! 

notmored 
moTBd 

oopioui  »rt 

enciutlon 

IS 

Boa 

1010 

i-SOO 

... 

Bxpt.  XVI.  and  XVn.—Eicret^o 
■nd  Uiic  Aotd  nnder  Knbn;m)n. 
glveaata;  O^&nm.  Uh;  1-G  g 
and  S-O  grmL  it^'. 
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Avenge  Daily  Ezcretion  of  the  various  Gonstitueiits  under  Eaonymin. 


t 

Before 
Drug. 

With 
Drag. 

After 
I>nig. 

Before 
and  After. 

With. 

Peroentage 
Change  in 

Water,  inc. C8. 
Urea,  in  erma. 
Urie  Ada,  „ 

56 
6-841 
0-084 

587 
7-667 
0107 

461 
5*482 
0-072 

488 
5-886 
0-078 

587 
7-667 
0107 

+10-0% 
+  42-8% 
+  87-14% 

Bxp.  XVII. 

This  Ib  simply  a  oontinnation  of  Experiment  XVL,  larger  doeea  of  the 
drag  being  given,  1*5  grm&  on  the  12th,  and  2*0  grms.  on  the  13th. 
On  the  second  day  the  purgative  action  of  the  drag  was  very  marked, 
while  even  on  the  12th  the  motions  were  soft  and  nnosually  copious. 
It  will  be  seen  that^  in  this  experiment,  the  urea  was  not  so  markedly 
increased  as  in  the  previous  one,  in  fact  that  on  the  13th,  when  the 
purgative  action  of  euonymin  was  so  manifest^  a  &11  below  the  mean 
took  place. 

At  the  end  of  this  experiment  the  dog  was  thin  and  looked  iU.  The 
diet  was  consequently  increased  and  the  uniform  excretion  of  urea  per 
diem  was  disturbed. 

Exp.  XVIII. 

The  dog  had  been  upon  the  usual  diet  since  November  14,  and  in 
spite  of  considerable  daUy  variations,  the  average  excretion  of  urea,  from 
^November  25  to  December  1,  was  7*02  grms.  per  diem. 

The  experiment  was  commenced  on  December  1.  Unfortunately 
the  urines  of  the  2nd  and  3rd  were  lost.  On  December  6,  1  grm.  of 
green  euonymin,  made  into  a  pill  with  absolute  alcohol,  was  adminis- 
tered. Next  day  asimilar  dose  was  given ;  and  on  the  8th  1  *5  grm.  in 
the  same  form. 

It  is  of  interest  to  observe  that  upon  the  7th,  when  a  loose  copious 
motion  was  produced  by  the  drug,  the  urea  was  not  nearly  so  mani- 
festly increased  as  on  the  two  other  daya 

The  uric  acid  participated  in  the  irregalarity  of  the  urea  in  its  rate 
of  elimination,  and  it  appeared  in  this  case  to  be  uninfluenced  by  the 
drag,  unless  indeed  the  rise  on  the  8th,  9th,  and  lOth  are  to  be  con- 
sidmd  as  due  to  the  euonymin. 

Exp.  XVIII. 


Date. 

Urine 
incxs. 

Sp.G. 

UrMin 
gnns. 

Urio 

Aoldin 

grms. 

Boweli. 

Bemarkf. 

1.12.84 

090 

1008 

6-240 

0-164 

moved 

Weight  of  doff=l8*16  Uloe. 
Diet,  Oatmeal,  118  grma. 

720 

1012 

7-421 

•  « 

not  moved 

680 

1010 

7-820 

0*190 

moved 

Milk,  820  cca. 

760 

lOU 

8-800 

0*160 

not  moved 

1-0  grm.  EuonyminBsOK)6  grm.  per  kilo. 

700 

1010 

7-725 

0166 

■oft  motion 

1-0            „           »<H)8 

760 

1018 

8-706 

0-202 

moved 

1*6            „           =0-10 

ffiO 

1000 

6-480 

0-204 

M 

10 

676 

1010 

6-682 

0-201 

» 

11 

606 

1014 

7*777 

0*160 

« 
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Average  Daily  Excretion  of  the  various  Constituenta  under  Euonymin. 


'   Before. 

With.  Ltw,  i  „fx 

With. 

Peroentag.' 
Ch«nite  ill 

W«tOT,  in  CM.          '       683 
Ure«,ingrmB.        .       7180 

7M  1     678            «28 
a'«0    e^SB         8723 

760  ' 

8-440 

:'&x 

BesuUs, — lat  The  water  is  slightly  though  distiQctly  increaeed 
under  the  action  of  euonymin.  Thia  is  just  what  one  would 
expect  from  the  digitalis-like  action  of  the  drug. 

2nd.  The  area  is  very  markedly  increased,  especially  when 
purgation  is  not  induced.  Experiments  18  and  19  show 
well  the  in8ueac6  of  purgation  in  preventiug  the  full  action  of 
the  drug  upon  the  urea  and  uric  acid. 

3rd.  An  innrease  in  the  uric  acid  is  also  indicated  in  Bxpeii- 
ment  XVII.  concomitantly  with,  and  in  Experiment  XIX.  follow- 
ing, the  administration  of  the  drug. 

Summary/  of  Results. 

1.  Scdicylaie  of  Soda. — (A)  In  man.     In  dose  of  0*106  grms. 

per  kilo,  salicylate  of  soda  canses  no  change  in  the  amount  of 

water  passed,  a  slight  increase  in  the  urea  and  a  very  marked 
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diminutioQ  in  the  uric  acid  excreted.  This  last  change  is  by 
far  the  most  manifest ;  in  one  experiment  the  diminution  was 
as  great  as  64  per  cent 

(B)  In  dogs.  In  doses  of  from  0'45  grm.  to  0*6  grm.  per 
kilo,  salicylate  of  soda  caused  a  marked  diminution  in  tlie  water 
passed,  a  rise  in  the  urea,  and  a  very  great  diminution  in  the 
uric  acid  excreted. 

2.  Benzoate  of  Soda,  in  doses  of  from  0*51  to  0*58  grm.  per 
kilo,  causes  little  or  no  change  in  the  amount  of  water.  The 
urea  is  greatly  increased  and  the  uric  acid  is  diminished, 
though  not  so  markedly  as  with  salicylate  of  soda. 

3.  Colchicum,  in  doses  of  002  to  0'037  grm.  per  kilo  of  the 
acetic  extract  (B.P.)  causes  a  very  marked  increase  in  the  urea 
and  uric  acid  When  the  doses  are  small  the  water  is  also 
increased,  bub  with  large  doses  the  water  secreted  may  actually 
fall,  while  neither  the  urea  nor  the  uric  acid  are  so  markedly 
increased  as  with  smaller  doses. 

4.  Ferchloride  of  Mercury,  in  doses  of  from  00015  to  0*0075 
grm.  per  kilo,  causes  an  increase  in  the  excretion  of  water,  urea, 
and  uric  acid. 

5.  Euonymin,  in  doses  of  from  004  to  O'lO  grm.  per  kilo, 
causes  a  slight  increase  in  the  water  excreted,  and  a  very  marked 
increase  in  the  urea  and  uric  acid.  In  larger  doses,  016  grms. 
per  kilo,  it  causes  purging,  with  no  diminution  in  the  water 
passed  by  the  kidneys,  but  without  the  marked  rise  in  the  urea 
excreted. 

We  thus  see  that  in  dogs,  in  a  condition  of  nitrogenous  balance, 
stimulation  of  the  flow  of  bile  by  means  of  these  drugs  is 
accompanied  by  an  increased  urea  production. 

That  an  increased  production  and  not  merely  an  increased 
excretion  of  urea  occurred  is  clearly  shown  by  the  fact  that,  after 
the  administration  of  the  drug  was  stopped,  the  amount  of  urea 
merely  returned  to  the  normal  and  did  not  manifest  a  fall 
corresponding  to  the  initial  rise. 

I  would  therefore  conclude  that  the  formation  of  urea  in  the 
liver  bears  a  very  direct  relationship  to  the  secretion  of  bile 
by  that  organ.  On  the  nature  of  this  relationship  I  have  not 
touched  in  the  present  paper,  but  at  an  early  date  I  hope 

VOL.  XX.  u 
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to  give  the  results  of  a  series  of  experiments  upon  this  sub- 
ject. 

To  the  physician  the  results  of  these  observations  must  have 
considerable  interest,  especially  of  those  which,  dealing  with  the 
influence  of  salicylates  and  benzoates  upon  the  uric  acid 
excretion,  afford  a  key  to  their  mode  of  action  in  gout.  No  less 
interesting  is  the  demonstration  of  the  fact  that  colchicum 
increases  and  does  not  diminish  the  production  of  uric  acid. 

In  conclusion,  I  have  to  tender  my  thanks  to  Professor 
Butberford,  who,  by  suggesting  to  me  as  a  subject  for  research 
the  influence  of  the  action  of  the  hepatic  stimulants  on  the 
composition  of  the  urine,  induced  me  to  undertake  the  present 
series  of  experiments.  I  have  also  to  thank  him  for  encour- 
agement aud  advice  during  the  prosecution  of  the  work  in  the 
Physiological  Labore^tory  of  the  University  of  Edinburgh. 


RECENT  HISTOLOGICAL  METHODS.  By  Williai^ 
Hunter,  M.B.  (Edin.),  M.R.C.S.,  Late  Assistant  to  the 
Professor  of  Physiology,  Ediriburgh  University;  forrmr 
President  of  the  Boyai  Medical  Society,  JEdinburgh, 

While  engaged  recently  in  working  in  the  Pathological  Institute 
in  Leipsic,  several  methods  employed  in  histology  for  hardening, 
embedding,  catting,  and  staining  tissues,  there  in  use,  com- 
mended themselves  so  strongly  for  adoption,  on  account  of  their 
simplicity  and  effectiveness,  that  a  short  consideration  of  them 
at  the  present  time  may  not  be  altogether  without  interest, 
perhaps  value,  to  the  many  workers  engaged  in  the  same  field 
of  labour  at  home. 

Owing  to  the  cheapness  of  alcohol  in  Germany,  most  of  the 
hardening  of  tissues  is  done  by  means  of  this  agent ;  a  method, 
however,  even  if  it  were  always  the  better  one,  which  can  only 
have  a  very  limited  application  with  us ;  but  under  this  heading, 
I  would  desire,  in  passing,  to  refer  to  a  rapid  method  of  hardening 
in  MtLller's  fluid,  first  recommended  by  Weigert,  which,  so  far  as 
my  experience  goes,  is  worthy  of  a  more  extended  trial. 
Weigert  showed  that,  if  the  Miiller's  fluid  be  kept  at  a  tempera- 
ture of  about  30**  to  40**  C,  the  hardening  process  is  considerably 
accelerated,  the  tissues  being  ready  for  use  in  the  course  of  ten 
days  or  a  fortnight,  instead  of  six  weeks.  This  method  is 
specially  applicable  to  nervous  tissues,  e^g.,  brain  or  spinal  cord, 
and,  from  what  I  have  seen  of  it,  I  can  strongly  recommend  it 
as  both  speedy  and  effective.  The  jar  containing  the  tissues  is 
placed  in  a  brood-oven  (hatching-oven),  maintained  at  the  above 
temperature  for  the  above  length  of  time,  the  fluid  being  changed 
on  the  second,  fourth,  and  seventh  days,  if  necessary  also  on  the 
tenth  day.  Another  method  of  hardening,  I  would  merely  note  in 
passing,  is  one  which  is  made  great  use  of  by  Gaule,  of  the 
Physiological  Institute,  Leipsic,  viz.,  placing  the  fresh  tissue  for 
twenty  minutes  or  half  an  hour  in  a  saturated  solution  of 
corrosive  sublimate,  and  then  hardening  as  usual  in  alcohol. 
The  living  tissues  are  in  this  way,  as  it  were,  fixed,  and  the 
method  is  specially  suitable  in  carrying  out  minute  histological 
observations. 
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The  chief  purpose  of  this  paper,  however,  is  to  direct  attcutioii 
to  the  method  of  einhedding  in  celloidin.  Since  its  introduction, 
some  two  years  ago  now,  into  use  in  histology  as  an  embed- 
ding agent,  this  substance  has  come  to  be  very  extensively 
employed,  recommending  itself,  as  it  does,  not  only  on  account 
of  its  firmness,  pliability,  and  its  transparency  when  in  thin 
sections,  but  also  its  cleanliness  and  the  comparative  ease  with 
which  it  can  be  manipulated.  It  is  obtainable  either  in  the  form 
of  cakes,  or  as  a  fluid  dissolved  in  ether.  It  is  readily  soluble 
in  ether,  slightly  also  in  absolute  alcohol.  Although  in  mass  it 
presents  an  opalescent  appearance,  in  thin  sections,  clarified  in 
the  ordinary  way  by  origanum  oil  or  xylol,  it  is  quite  trans- 
parent, sometimes  scarcely  visible ;  and,  at  the  same  time  that 
it  firmly  supports  the  tissue  which  is  embedded  in  it,  its 
presence  in  no  way  interferes  with  any  of  the  necessary 
manipulations  of  the  tissue,  e.^.,  staining,  &c.  It  thus  combines 
in  itself  several  very  striking  advantages. 

The  method  of  embedding  tissues  in  celloidin  is  the  following: — 
The  tissue,  after  having  been  hardened  in  alcohol,  or,  at  least, 
immersed  a  sufficient  length  of  time  in  alcohol  to  free  it  from 
water,  is  placed  for  twenty-four  hours  in  a  mixture  of  equal 
parts  of  alcohol  and  ether.  If  the  tissue  be  of  any  size,  it  must 
be  left  in  this  mixture  for  twenty-four  hours  longer.  It  is  then 
transferred  into  a  thin  solution  of  celloidin,  made  by  dissolving 
a  small  piece  of  celloidin  in  an  excess  of  ether,  or  better  still  in 
a  mixture  of  equal  parts  of  alcohol  and  ether,  in  which  it  is 
allowed  to  lie  for  twenty-four  hours,  after  which  it  is  thrown 
into  a  thicker  solution  of  celloidin.  In  the  latter  it  may  be  left 
for  twenty-tour  hours,  or  even  longer  if  necessary,  the  time  vary- 
ing with  the  size  and  thickness  of  the  tissue.  As  a  general  rule, 
three  days  suffice  to  complete  the  process  ;  twenty-four  hours  in 
alcohol  and  ether,  twenty-four  hours  in  thin  celloidin,  and 
twenty-four  hours  in  the  thicker  celloidin.  At  the  end  of  this 
time,  the  tissue  has  become  thoroughly  permeated  with  the 
celloidin,  and  our  subsequent  proceedings  are  directed  towards 
enclosing  it  in  a  small  solid  block  of  this  substance.  This 
naturally  can  be  effected  by  simply  withdrawing  the  stopper 
from  the  bottle,  and  allowing  the  ether  to  evaporate  till  the 
whole  of  the  celloidin  solution  has  become  solid,  and  we  can 
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tliea  cut  our  tissue  out  of  this  mass  in  a  small  square  block. 
But  a  more  convenient  way,  and  oue  which  involves  less  waste 
of  ether,  is  to  pour  some  of  the  thicker  celloidin  solution  into  a 
small  cardboard  box, — the  lid  of  an  ordinary  cover-glass  box 
serves  the  purpose  admirably,  place  the  tissue  in  this,  and  cover 
over  with  more  celloidin. 

It  is  now  allowed  to  stand  exposed  to  the  air  for  a  few  minutes 
till  the  celloidin  becomes  somewhat  firm,  when  it  can  be  thrown 
into  a  mixture  of  alcohol  and  water,  equal  parts,  or  of  the  strength 
of  60  per  cent,  alcohol.  When  the  celloidin  has  become  quite 
firm  round  the  tissue,  the  block  can  be  cut  out  or  turned  out  of 
the  box,  and  for  farther  use  can  be  kept  in  alcohol  of  a  similar 
strength.  The  rationale  of  the  above  proceedings  will  be  at 
once  apparent.  It  is  necessary  to  have  the  tissue  free  from 
water,  and,  at  the  same  time  soaked  in  ether,  before  it  is  placed 
in  the  celloidin  solution ;  hence  the  preliminary  proceeding  of 
soaking  the  tissue  previously  in  alcohol  and  ether.  Then,  by 
placing  it  first  in  a  thinner  solution  and  afterwards  in  a  thicker, 
we  ensure  that  the  celloidin  reaches  all  parts  of  the  tissue,  a 
matter  of  importance  when  the  tissue  is  delicate  and  all  its 
parts  require  support.  It  is  not  only,  however,  for  delicate 
tissues  that  this  method  of  embedding  recommends  itself. 
Sometimes  the  tissue  to  be  cut  is  so  small  or  so  thin  that  it 
becomes  a  matter  of  the  greatest  possible  advantage  to  embed 
it  in  celloidin,  by  means  of  which  each  section  is  surrounded 
by  a  zone  of  celloidin  which  helps  greatly  in  the  after  mani- 
pulation required. 

In  cutting  the  tissues  so  prepared,  the  so-called  "  dry  "  method 
of  cutting  sections  must  be  employed,  if  we  wish  to  obtain  the 
full  advantages  of  this  method  of  embedding.  Acquaintance  with 
this  method — comparatively  speaking  so  seldom  employed  in 
this  country — so  impresses  one  with  the  advantages  which  in 
many  cases  it  offers  over  the  ordinary  method  by  freezing 
so  much  in  use  at  home,  that  one  cannot  but  feel  a  certain 
sense  of  astonishment  at  the  tenacity  with  which  we  in  this 
country  have  retained  our  old  methods  long  after  they  have 
been  rejected  by  our  friends  abroad.  The  instrument  which  has 
been  recently  turned  out  by  the  Cambridge  Scientific  Company 
will,  therefore,  supply  a  want  long  felt  by  histologists  in  this 
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country.  In  Germany,  the  microtomes  most  in  use  are  those 
made  by  Schanze,  mechaniker,  of  the  Pathological  Institute  iu 
Leipzic,  and  by  Jung,  inechaniker,  in  Heidelberg.  The  latter 
often  goes  by  the  name  of  the  "  Heidelberg "  instrument  or 
the"Tboma"  microtome.  The  principle  of  these  instruments 
is  sufficiently  well  known  as  to  preclude  any  necessity  on  my 
part  for  a  detailed  description  of  their  working.  In  both  the 
tissue  is  made  fast  within  a  clamp,  which  moves,  in  the  case  of 
the  Heidelberg  instrument,  along  a  finely  inclined  plane,  in  the 
Schanze  microtome  up  a  vertical  plane,  the  movement  in  these 
planes  being  effected  by  a  fine  screw  adjustment  with  millimetre 
scale,  so  that  the  thickness  of  each  section  can  be  accurately 
judged  of  and  regulated.  The  knife,  fixed  on  a  heavy  piece  of 
steel,  moves  smoothly  along  a  horizontal  plane.  In  the 
Heidelberg  instrument  the  screw  adjustment  is  particularly 
fine,  enabling  one  to  cut  sections  of  extreme  thinness.  In  other 
respects,  it  is  the  instrument  most  suitable  for  cutting  embryos 
an  apparatus  existing  in  it  by  means  of  which  almost  auto- 
matically all  the  sections  can  be  made  exactly  of  the  same 
thickness.  On  the  other  hand,  for  general  use  the  Schanze 
microtome  will,  in  my  opinion,  be  found  the  preferable  one, 
especially  if  large  sections  be  required,  as  of  pons,  medulla,  &c., 
and  it  has  the  advantage  of  having  a  freezing  apparatus  in 
connection  with  it,  worked  by  means  of  ether.^ 

The  tissue  to  be  cut  must  as  usual  be  well  hardened.  If  it  be 
of  sufficiently  firm  consistence,  e.g.,  liver  or  kidney,  sections  may 
readily  be  obtained  from  it  by  simply  fixing  it  in  the  clamp, 
wedged  in  between  two  pieces  of  hard  waxy  liver  to  give  support. 
This  is,  however,  at  best  but  a  rough  method,  and  is  not 
applicable  to  tissues  of  any  delicacy.  Much  the  better  plan  is, 
first  of  all,  to  fix  the  tissue  to  the  top  of  a  cork  by  means  of  a 
drop  of  gum ;  on  throwing  the  cork  into  spirit,  the  gum  soon 
becomes  perfectly  hard,  and  thus  the  tissue  is  securely  held.  In 
doing  this,  it  is  convenient  to  stick  a  small  leaden  pin  into  the 
under  surface  of  the  cork,  the  weight  of  which  sinks  the  cork, 
and  at  the  same  time  keeps  the  tissue  uppermost.  For  cutting, 
then,  the  cork  is  made  fast  within  the  clamp,  with  the  tissue 

'  The  price  of  these  instruments  varies  from  £i  to  £10,  according  to  size  and 
completeness. 


RECENT  HISTOLOGICAL  METHODS.  311 

securely  attached  to  its  upper  surface.  The  surface  of  the  tissue, 
as  it  is  cut,  is  kept  moist  with  spirit,  this  being  applied  by 
means  of  a  camers-hair  brush,  and  the  blade  of  the  knife  must 
also  be  kept  wet;  both  objects  being  attainable  by  simply 
wetting  the  upper  surface  of  the  knife  from  time  to  time,  the 
fluid  passing  from  this  on  to  the  tissue  each  time  the  knife 
crosses  it.  The  sections  are  transferred  from  the  knife  at  once 
into  methylated  spirit,  and  after  the  desired  number  have  been 
made,  the  cork  with  the  tissue  attached  is  thrown  back  into 
spirit  till  again  required.  No  waste  of  tissue  is  involved  by 
this  method,  a  matter  of  no  little  importance,  when, as  occasionally 
happens,  only  a  small  piece  is  at  our  disposal ;  and  its  convenience 
in  private  working,  where  only  a  few  sections  at  a  time  are 
required,  is  extremely  great.  The  result  stands  in  marked 
contrast  with  that  obtained  by  the  freezing  method,  where,  each 
time  that  a  few  sections  are  required,  the  tissue  must  be  steeped 
in  water  for  a  period  of  twelve  to  twenty-four  hours  to  free  it 
from  spirit,  and  where,  as  a  rule,  the  tissue  must  be  cut 
completely  at  the  time,  as  its  subsequent  use  after  being  frozen 
is  generally  out  of  the  question. 

The  tissue  embedded  in  celloidin  is  also  made  fast  to  cork, 
but  with  celloidin  instead  of  gum.  This  is  done  by  placing  it 
in  some  fluid  celloidin  on  the  top  of  the  cork,  and  then  pouring 
more  celloidin  over  it.  It  is  then  allowed  to  stand  exposed  to 
the  air  till  the  celloidin  solidifies,  after  which  it  is  thrown  back 
into  a  mixture  of  alchohol  and  water  of  the  strength  before 
mentioned.  As  the  central  portion  of  the  celloidin  remains 
longest  fluid,  air  bubbles  from  the  cork  sometimes  rise  into  it, 
and  may  interfere  with  the  firmness  of  attachment.  To  prevent 
this  occurrence  it  is  advisable  to  have  the  corks  previously 
steeped  in  alcohol  and  water.  Sections  can  now  be  made  of  the 
tissue  in  the  same  way  as  before  described. 

It  now  remains  to  say  something  of  the  method  of  handling 
the  sections  so  obtained.  The  celloidin  cuts  very  easily  and 
smoothly.  For  staining,  the  sections  can  be  treated  in  the 
ordinary  way.  Each  section  of  tissue  is  surrounded  by  a 
somewhat  stiffish  zone  of  celloidin,  which  renders  the  after 
manipulation  of  delicate  tissues  very  easy.  After  being  stained, 
the  sections  are  washed  out  first  in  spirit,  or  water  if  required, 
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then  transferred  to  alcohol.  As  previously  mentLoned,  celloidin 
dissolves  slowly  in  absolute  alcohol,  but  for  purposes  of  dehydra- 
tion  this  action  is  too  slow  to  bo  taken  into  consideration.  They 
are  then  clarified — not  in  oil  of  cloves,  which  rapidly  dissolves 
the  celloidin  but  in  origanum  oil  or  xylol.  The  former  is  to  be 
preferred ;  its  odour  is  more  pleasant  than  that  of  xylol,  but 
more  important  is  the  fact  that  xylol  is  liable  to  cause  the 
tissues  to  shrink  up  into  folds  which  are  difficult  of  removal. 
Origanum  oil  has  no  such  effect.  The  celloidin  now  becomes 
perfectly  transparent,  almost  invisible,  and  the  section  is  mounted 
in  Canada  balsam.  We  must  be  very  careful  to  have  the 
section  free  from  water  before  placing  it  in  origanum  oil,  as  the 
slightest  trace  of  water  makes  the  celloidin  opaque,  and  some 
time  is  required  in  the  origanum  oil  for  this  opacity  to  clear 
up. 

I  have  sometimes,  however,  made  use  of  clove  oil  for  clarifying 
the  tissues ;  under  circumstances,  viz.,  where  the  tissue  has  been 
embedded  in  celloidin  to  keep  different  portions  of  it  together, 
rather  than  to  give  support  to  the  individual  tissues.  In  this 
way  one  has  been  enabled  to  keep  the  section  intact  during  all 
the  manipulations,  and,  then,  at  the  last  stage,  after  the  section 
Ims  been  placed  on  the  slide,  by  clarifying  with  oil  of  cloves, 
to  remove  at  once  all  the  celloidin  and  leave  the  tissue  quite 
natural.     In  certain  cases  this  method  is  convenient 

Such  is  the  method  of  embedding  in  celloidin.  After 
considerable  experience  now  in  its  use,  I  can  strongly 
recommend  it  as  a  most  valuable  adjunct  to  our  resources  in 
Histology.  At  the  same  time,  it  is  far  from  my  intention  to 
advocate  any  one  method  of  embedding  or  cutting  to  the 
exclusion  of  all  other.?.  No  one  can  be  blind  to  the  advantages 
which  the  method  by  freezing  offers  in  most  cases.  Where 
large  numbers  of  sections  have  to  be  made,  and  where  the 
amount  of  material  at  our  disposal  is  great,  the  method  of 
freezing  will  always  recommend  itself  for  its  simplicity,  its 
cheapness,  and  the  rapidity  with  which  sections  can  be  made. 
Hence,  for  class-teaching  purposes  this  method  is  by  far  the  best 
But  where  an  exact  study  is  to  be  made  of  some  delicate  organ 
or  tissue,  or  where  it  is  desirable  to  obtain  sections  of  the  whole 
tissue,  the  method  of  embedding  in  celloidin  and  the  use  of  the 
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"  dry  method  "  of  cutting  sections,  are  greatly  to  be  preferred, 
the  advantages  which  they  offer  being  readily  appreciable  >oti 
even  a  brief  acquaintance. 

Great  as  these  advantages  are,  in  suitable  cases,  they  are  even 
surpassed  by  those  offered  by  another  method  of  embedding, 
with  which  we  have  been  long  acquainted,  viz.,  embedding  in 
paraffin.  Owing  to  the  general  use  of  the  method  of  freezing 
for  cutting  sections,  and  its  inapplicability  to  the  cutting  of 
tissues  embedded  in  paraffin,  this  latter  method  has  hitheito 
not  been  so  extensively  adopted  as  it  really  deserves  to  be,  for 
it  is  certain  that  by  no  method  yet  known  to  us  can  such  delicate 
sections  of  tissues  be  obtained  as  after  embedding  in  paraffin,  a 
fact  evidently  of  the  greatest  importance  to  histologists,  but 
whose  importance  has  hitherto  not  been  fully  recognised.  To 
be  successful,  however,  in  embedding  in  paraffin,  a  definite 
procedure  must  be  followed,  the  object  of  which,  briefly  stated, 
is  to  free  the  piece  of  tissue  from  all  traces  of  water  before 
placing  it  in  the  paraffin  itself.  The  following  method  will  be 
found  to  give  very  good  results : — To  effect  this  dehydration,  the 
tissue  must  lie  for  a  certain  time  in  absolute  alcohol,  from  which 
it  is  transferred  to  clove  oil,  where  it  is  allowed  to  remain  till  it 
becomes  saturated  with  the  oil,  a  stage  generally  indicated  by 
the  sinking  of  the  tissue  in  the  oil.  To  remove  this  oil,  and  at 
the  same  time  to  have  the  tissue  soaked  in  some  fluid  in  which 
paraffin  is  soluble,  the  tissue  is  next  placed  for  4-5  hrs.  (a 
much  shorter  time  will  suffice  if  small  pieces  of  tissue  arc  to  be 
embedded,  viz.,  J-l  hr.  in  xylol  or  turpentine)  in  xylol,  at 
the  end  of  which  time  it  is  ready  to  be  placed  in  paraffin.  But 
here,  as  with  celloidin,  we  first  use  a  weak  solution,  viz.,  equal 
parts  of  xylol  and  paraffin,  maintained  at  the  melting  point  over 
a  water  bath  ;  in  this  the  tissue  is  allowed  to  lie  for  \  hour,  the 
dish  being  covered  over  during  this  time  to  prevent  the  evapora- 
tion of  the  xylol.  It  is  then  transferred  to  pure  paraffin, 
maintained  in  a  similar  way  at  the  melting  point,  where  it  is  kept 
for  1-1^  hrs.,  according  to  the  size  of  the  tissue,  the  dish  now 
being  left  uncovered  to  allow  all  the  xylol  to  evaporate.  The 
tissue  is  then  placed  in  a  small  paper  boat,  some  of  the  fluid 
paraffin  is  poured  over  it,  and  the  whole  immediately  floated  on 
water  to  allow  of  rapid  cooling.    On  cutting  into  the  solidified 
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paraffin,  tho  tissue  will  be  found  completely  incorporated  with  it, 
and  of  a  dark  translucent  colour,  and  in  this  encasing  it  can  be 
preserved  an  indefinite  length  of  time. 

For  purposes  of  cutting,  the  paraffin  is  made  fast  to  a  cork 
with  the  aid  oF  a  gentle  heat,  the  surface  of  the  cork  being 
previously  dipped  in  fluid  paraffin,  and  sections  are  obtainable 
in  the  way  already  described.  Sections  of  extreme  delicacy  can 
in  this  manner  be  obtained ;  if  desired,  not  thicker  than  a  single 
layer  of  cells,  a  result,  when  obtainable,  which  fully  compensates 
for  any  labour  expended  in  suitably  preparing  the  tissue  for 
sectiou.  Each  section  as  it  is  made  tends  to  roll  up,  an 
occurrence  to  be  avoided,  since  otherwise  the  section  is  as  good 
as  lost.  To  prevent  this,  it  is  only  necessary  to  touch  the  edge 
of  the  section  with  a  fine  brush  immediately  the  knife  enters 
the  paraffin  ;  the  section  then  retains  the  "  bent "  thus  given  to 
it.  If  sections  in  series  have  to  be  obtained,  they  can  be  kept 
attached  to  each  other  in  lines,  like  the  segments  of  a  tapeworm ; 
hence  this  method  of  embedding  and  cutting  is  invaluable  in 
embryology.  In  such  cases,  the  rows  of  sections  are  transferred 
directly  to  a  large  slide  capable  of  holding  20,  30,  or  even  more 
sections,  and  are  permanently  fixed  on  the  slide  by  gently 
pressing  with  the  finger  the  sections  against  the  slide,  or  merely 
touching  them  with  alcohol.  The  sections  are  thoroughly 
clarified,  at  the  same  time  that  the  paraffin  is  removed  from 
them,  by  throwing  the  slide  over  night  into  xylol,  after  which 
they  are  covered  with  Canada  balsam,  and  a  large  cover-glass  is 
placed  over  the  whole  series.  In  this  way,  in  the  course  of  a 
very  short  time,  we  can  obtain  the  2000  or  3000  sections  of  an 
entire  embryo  in  complete  linear  series,  without  trouble  and 
without  any  risk  to  the  sections,  a  result  obtainable  in  no  other 
way  yet  known  to  us.  The  great  advantage  of  the  method  is, 
that  all  tHe  necessary  manipulation  is  carried  out  with  the  tissue 
as  a  whole,  so  that  the  process  is  in  reality  an  extremely  simple 
one,  and  any  trouble  which  it  involves  is  amply  compensated  for 
by  the  ease  of  manipulation  of  the  sections  afterwards.  Oil  of 
turpentine  can  be  used  instead  of  xylol  in  embedding  the  tissue, 
as  also  in  removing  the  paraffin  afterwards,  but  the  latter,  when 
obtainable,  is  in  my  opinion  to  be  preferred,  as  its  solvent  action 
on  paraffin  is  almost  instantaneous. 
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As  to  the  staining  of  tissues  embedded  in  paraffin,  two  plans 
may  be  followed.  In  embryology,  our  procedure  is  much  simpli- 
fied  by  staining  the  embryo  entire  before  it  is  embedded.  An 
extremely  good  staining  agent  for  this  purpose  is  alum  carmine. 
This  is  made  by  adding  1  gramme  pure  carmine  to  100  c.c.  of  a 
warm  5  per  cent,  solution  of  alum^  then  boiling  for  twenty  minutes, 
and  filtering  the  solution  after  cooling.  This  is  a  very  pretty  stain- 
ing agent.  It  stains  quickly,  but  has  the  great  advantage  of  not 
readily  overstaining.  Sections  can  be  left  in  it  from  ten  minutes 
up  to  twenty-four  hours  without  becoming  overstained.  It  is 
generally  convenient  to  leave  the  sections  in  the  fluid  over  night, 
but  if  necessary  ten  to  twenty  minutes  will  usually  suffice.  An 
embryo  must  be  lefo  in  for  twelve  to  twenty-four  hours.  In  the 
second  place,  it  is  very  clean  to  work  with ;  the  tissue  seems  not 
to  take  up  any  excess  of  the  stain,  and  hence  the  washing  out 
in  water  can  be  completed  in  a  few  minutes,  in  which  respect  it 
stands  in  marked  contrast  with  gentian  violet,  which  stains  very 
deeply.  If  an  embryo  has  been  stained  in  alum  carmine,  it  is 
necessary  to  allow  it  to  lie  in  water  for  about  twelve  hoars, 
changing  the  water  two  or  three  times  daring  this  period.  The 
resulting  staining  is  limited  for  the  most  part  to  the  nuclei,  the 
colour  partaking  more  of  the  purplish  tint  of  hsematoxylin  than 
the  reddish  of  carmine.  It  is  necessary  to  have  the  embryo  tree 
from  alcohol  before  placing  it  in  the  alum  carmine,  but,  after  it 
has  been  stained  and  washed  in  water,  it  can  be  placed  in 
alcohol  and  embedded  in  the  usual  way  in  paraffin.  The  sections, 
therefore,  on  being  cut  are  ready  at  once  for  mounting  without 
further  manipulation,  and  this  is  done  in  the  way  already 
described. 

If  the  tissue  cannot  be  stained  en  masse,  the  second  of  the  two 
plans  must  be  adopted.  The  sections,  as  made,  are  either  fixed 
directly  on  the  slide  in  the  way  already  mentioned,  or  they 
are  placed  at  once  in  xylol  or  turpentine.  In  the  former  case, 
the  sections  being  permanently  fixed  to  the  slide  are  freed  from 
paraffin  by  pouring  some  xylol  over  them.  Before  staining 
them,  we  wash  out  the  xylol  by  passing  a  few  drops  of  alcohol 
over  them,  and  then,  after  dipping  the  slide  in  water,  wo 
stain  the  sections  by  placing  a  few  drops  of  the  staining  fluid  on 
the  slide  and  allowing  it  to  remain  for  a  sufficient  length  of  time. 
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Tbe  slide  is  then  dipped  in  water,  the  sections  dehydrated  in 
alcohol,  clarified  in  oil  of  cloves  or  xylols  and  finally  mounted  in 
Canada  balsam.  The  ease  with  which  all  this,  apparently  com- 
plicated, procedure  can  be  carried  out  is  very  great.  It  is  to  be 
remembered  that  our  sections  are  probably  extremely  thin,  con- 
sisting perhaps  of  a  single  layer  of  cells ;  but  they  are  perman- 
ently fixed  to  the  slide,  a  number  of  them  being  on  one  slide, 
and  hence  they  run  no  risk  of  being  torn  during  all  the  subse- 
quent procedure,  and  we  are  dealing,  not  with  one,  but  with  a 
number  of  sections  at  the  same  time. 

If  the  sections  have  been  placed  in  xylol  or  turpentine,  and 
completely  freed  from  all  remains  of  paraffin,  they  can  be  kept 
in  alcohol,  and  used  in  the  ordinary  way  for  purposes  of  staining, 
&c. 

In  conclusion,  if  one  were  to  institute  a  comparison  between 
the  relative  merits  of  these  two  embedding  agents,  celloidin  and 
paraffin,  one  could  only  remark,  that  for  general  purposes,  the 
celloidin  will  be  found  more  generally  useful  than  the  paraffin, 
and  especially  in  the  study  of  the  spinal  cord,  medulla  and  pons, 
and  nervous  tissues  generally;  but  that  for  fine  histological 
observation,  as  well  as  for  embryological  purposes,  the  method 
of  embedding  in  paraffin  is  by  far  our  best  in  histology,  and 
gives  results  which  can  in  no  way  be  equalled  by  any  other 
method  yet  known  to  us. 


THE  SACRAL  INDEX  IN  VARIOUS  RACES  OF  MAN- 
KIND.    By  Professor  William  Turner,  M.B.,  F.R.S. 

In  my  paper  ou  "  The  Index  of  the  Pelvic  Brim  as  a  basis  of 
Classification/'  published  in  the  October  number  of  this  Jmiriial 
(1885),  I  briefly  referred  to  variations  in  the  relative  length  and 
breadth  of  the  sacrum  in  different  races  of  men,  and  pointed  out 
that  in  some  races  the  length  exceeded  the  breadth,  and  that  in 
others  an  opposite  relation  prevailed.  These  differences  may  be 
expressed  numerically  by  computing  a  sacral  index  by  multiplying 
the  breadth  of  the  sacrum  by  100  and  dividing  by  the  length. 
When  the  sacral  index  is  above  100  the  breadth  of  the  bone  is 
greater  than  its  length  ;  when  the  index  is  below  100  the  sacrum 
is  longer  than  broad.  The  following  descriptive  terms  may 
conveniently  express  these  differences  in  the  relative  length  and 
breadth  of  the  sacrum.  As  the  Greek  word  \ep6v  is  the  equiva- 
lent of  the  Latin  sacrum  ;  the  term  dolichohieric  would  signify  a 
sacrum  in  which  the  length  exceeded  the  breadth,  whilst  platy- 
hierie  would  signify  a  sacrum  in  which  the  breadth  exceeded  the 
length. 

In  considering  the  modifications  in  the  sacral  index,  as  in  the 
index  of  the  pelvic  brim,  it  is  important  to  bear  in  mind  that  sex 
modifies  the  relative  proportions,  and  that  in  women  the  sacrum 
as  a  rule  is  broader  in  proportion  to  its  length  than  in  men. 

In  working  out  the  results  at  which  I  have  arrived,  I  have 
measured  a  number  of  original  skeletons,  a  few  of  which  were 
brought  home  by  H.M.S.  Challenger,  but  the  greater  number  of 
which  are  in  the  Anatomical  Museum  of  the  University  of 
Edinburgh.  The  detailed  measurements  of  these  skeletons  are 
given  in  the  Tables  in  Part  II.  of  my  Report  on  the  Human 
Skeletons  now  in  type  for  the  Challenger  Beports.  I  have  also 
examined  the  literature  of  the  subject,  so  far  as  I  have  had 
access  to  it,  and  have  analysed  the  observations  on  the  length  and 
breadth  of  the  sacrum  recorded  by  previous  observers. 

Amongst  Europeans  M.  Verneau  has  given,  in  sixty-three  men,  the 
mean  length  of  the  sacrum  as  105  mm.  and  the  mean  breadth  at  the 
base  as  118  mm.,  and  in  thirty-five  women  the  mean  length  as  101 
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mm.  and  the  mean  breadth  as  116  mm.  If  an  index  be  computed 
from  these  figures  the  males  will  be  found  to  possess  a  sacral  index  of 
1 1 2 '4  and  the  females  one  of  1 1 4*8.  From  Gortz's  measurements  of  the 
length  and  breadth  of  the  sacrum  in  European  women  I  have  calcu- 
lated an  index  of  118*9.  Dr  Qarson  gives  101  mm.  as  the  mean 
length  of  the  sacrum  in  fourteen  European  women,  and  the  mean 
breadth  as  118*3,  which  yield  an  index  of  116*8,  slightly  higher  than 
that  furnished  by  M.  Yerneau's  measurements,  but  not  so  high  as  those 
of  Gortz.  But  from  Carl  Martin's  measurements  of  sixteen  pelves, 
presumably  German,  the  sacral  length  was  100  mm.,  the  breadth  105 
mm.,  and  the  index  therefore  only  105.  In  Europeans,  therefore,  both 
males  and  females,  the  sacrum  had  a  decidedly  greater  diameter  at  its 
base  than  in  its  long  axis,  or,  in  other  words,  it  was  platyhieric. 

In  the  Australians,  again,  an  opposite  relation  prevails.  In  only 
one  of  the  six  adult  males  measured  in  Table  I.  was  the  breadth  of 
the  sacrum  at  the  base  greater  than  its  length,  in  two  these  diameters 
were  equal,  and  in  the  remaining  three  the  length  exceeded  the 
breadth.  The  mean  sacral  index,  therefore,  of  the  males  was  only  98, 
and  in  the  single  adult  female  this  index  was  only  101.  In  a  male 
measured  by  Keferstein  the  index  was  88,  in  one  by  Barnard  Davis 
90,  and  in  five  males  measured  by  Spengel  it  was  111,  100,  97,  89, 
and  111  respectively.  In  the  single  male  Australian  measured  by 
Yerneau  the  sacral  breadth  at  the  base  is  stated  to  be  105  mm.  and  the 
length  only  87  mm. ;  but  the  latter  diameter  is  so  small  for  an  adult 
male  of  this  race,  that  one  is  disposed  to  think  there  must  be  either 
some  error  in  the  table  or  that  the  sacrum  could  not  have  been 
normal:  the  index  furnished  by  these  measurements,  120,  is  therefore 
exceptionally  high.  The  sacral  index  of  a  female  measured  by 
Barnard  Davis  was  89,  and  the  mean  index  computed  from  the  two 
females  measured  by  Yerneau  was  105*9^  and  the  mean  sacral  index 
of  the  five  women  measured  by  Garson  was  114.  Excluding,  there- 
fore, M.  Yemeau's  male  pelvis  for  the  reason  given  above,  it  is  clear 
that  in  the  Australian  men  the  breadth  of  the  sacrum  was  small  in 
relation  to  its  length,  so  that  in  a  considerable  proportion  the  index 
did  not  exceed  100,  and  the  mean  of  the  thirteen  males  was  98*5,  i,e., 
they  were  dolichohieric.  In  the  women,  again,  the  sacrum  was 
relatively  broader  than  long,  though  it  did  not  attain  the  proportions 
reached  in  the  European,  for  if  we  take  the  mean  of  the  nine  female 
pelves  measured  by  B.  Davis,  Yerneau,  Garson,  and  myself,  the  sacral 
index  was  only  102*5. 

The  proportions  of  the  sacrum  have  been  recorded  in  two  Bushmen 
by  G.  Fritsch ;  in  the  one  the  length  was  95  mm.  and  the  breadth  91 
mm.,  the  sacral  index  being  95*8,  in  the  other  ^  the  length  was  94  mm. 
and  the  breadth  83  mm.,  the  sacral  index  being  88.  These  two 
specimens,  conjoined  with  the  male  measured  in  Table  YI.  in  my 
Challenger  Report,  give  the  mean  sacral  index  of  three  males  as  94. 

^  This  Bushman  pelvis  has  had  some  of  its  characters  described  by  Johannes 
Mailer. 
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Yerneau's  two  Bush  women  had  a  mean  sacral  index  100 ;  Gortz's 
Bush  woman,  Afandy,  had  a  sacrum  87  mm.  long  and  90  mm.  broad, 
the  index  being  103  ;  whilst  in  an  adult  female  recorded  by  G.  Fritsch 
the  sacral  length  was  97  mm.  and  the  breadth  79  mm.,  the  index  being 
only  81.  The  mean  of  these  four  specimens  was  94*7.  There  can,  I 
think,  be  little  doubt  that  it  is  the  rule  in  the  Bush  race  for  the  male 
sacrum  to  be  longer  than  broad,  ue,,  dolichohieric.  It  is  not,  however, 
quite  so  clear  as  to  the  relative  proportion  in  the  female,  for  although 
the  mean  of  the  four  specimens  is  only  94*7,  yefc  it  will  be  observed 
that  this  low  index  is  due  to  one  of  the  specimens  being  only  81. 

G.  Fritsch  has  also  recorded  the  sacral  length  and  breadth  in  the 
pelves  of  some  Hottentots  and  Kaffirs  from  which  indices  may  be 
computed.  In  a  Hottentot  woman  the  length  of  the  sacrum  was  95 
mm.,  its  breadth  at  the  base  81  mm.,  and  its  index  was  85.  In  one 
male  Korana  Hottentot  the  sacral  length  was  95  mm.,  the  breadth  90 
muL,  and  the  index  94*7  ;  in  another  the  length  was  105  mm.,  the 
breadth  79  mm.,  and  the  index  only  75.  In  Wyman's  male  Hottentot 
the  sacral  index  was  only  82.  In  all  these  specimens,  therefore,  the 
length  of  the  sacrum  exceeded  the  breadth,  and  the  mean  index  of 
three  males  was  83*9.  In  the  six  male  Kafiirs  measured  by  Fritsch 
the  highest  sacral  index  was  computed  to  be  106  and  the  lowest  82, 
the  mean  of  the  series  being  92 '8.  In  the  single  female  the  sacral 
length  was  86  mm.,  the  breadth  92  mm,,  and  the  index  107.  In  the 
male  Kaffirs,  therefore,  the  sacrum  is  as  a  rule  longer  than  broad,  and 
both  in  them  and  in  the  Hottentots  it  is  dolichohieric. 

In  all  the  Negro  pelves  measured  in  my  Table  III.  the  breadth  of 
the  sacrum  exceeded  the  length,  and  the  mean  sacral  index  of  the  four 
males  was  114;  but  though  in  one  of  the  Negresses  the  sacrum  was 
longer  than  broad,  in  the  other  the  relation  was  reversed,  and  the 
mean  index  in  the  two  specimens  was  only  99.  In  one  of  Spengel's 
male  Negros  the  sacral  index  was  114,  in  the  other  97;  whilst  in  a 
Negro  from  the  Gaboon  measured  by  Barnard  Davis  it  was  only  87. 
If  we  take,  however,  the  series  of  twenty -two  males  described  by  M. 
Verneau  from  Guadeloupe,  Mozambique,  Nubia,  or  of  unknown 
locality,  the. proportions  are  such  as  to  give  a  mean  sacral  index  of  97, 
whilst  the  seven  females  either  from  Guadeloupe  or  an  unknown 
locality  had  a  mean  sacral  index  105*5.  In  the  Negress  measured  by 
G.  Fritsch  the  sacral  length  was  93  mm.,  the  breadth  86  mm.,  and 
the  index  92.  The  mean  of  the  twenty-nine  males  measured  by 
Verneau,  Spengel,  B.  Davis,  and  myself  gave  a  sacral  index  106,  t.«., 
they  were  platyhieric  The  mean  of  the  ten  females  measured  by 
Vemeaa,  Fritsch,  and  myself  was  only  98*8 ;  so  far,  therefore,  as  these 
specimens  show,  in  the  Negro  race  the  sacrum  presents  the  exceptional 
arrangement  of  being  in  the  female  not  so  broad  in  proportion  to  its 
length  as  in  the  male. 

In  the  only  male  adult  Andaman  Islander,  as  well  as  in  the  three 
adult  females  in  my  Table  IV.,  the  breadth  of  the  sacrum  exceeded  the 
length ;  the  sacral  index  of  the  adult  male  was  114,  that  of  a  young 
male  was  106;  the  mean  index  of  the  three  adult  females  was  111, 
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and  the  in'lex  of  a  young  female  was  96 '5.  In  the  series  of  eight 
male  Andamanese  measured  hy  Professor  Flower  the  mean  sacral 
length  was  97*1  mm.  and  the  mean  width  was  91*3  mm.,  the  index 
being  94,  and  in  the  series  of  nine  females  the  mean  length  of  this 
bone  was  89'7  mm.  and  the  mean  breadth  was  95*2  mm.,  the  index 
being  106.  In  the  single  male  specimen  described  by  Barnard  Davis 
the  sacral  breadth  was  so  much  less  than  the  length  that  the  index 
was  only  77.  It  is  clear,  therefore,  that  the  high  sacral  index  in  my 
male  pelvis  was  an  individual  peculiarity,  and  that  it  is  the  rule  in^  the 
male  Andamanese  for  the  iength  to  exceed  the  breadth,  so  that  the 
sacrum  is  dolichohieric. 

In  Fritsch's  Nikobar  Islander  the  sacral  length  was  101  mm.  and 
the  breadth  was  90  mm.,  the  index  therefore  being  89,  or  dolichohieric. 

The  three  male  Tasmauians  measured  by  Banuud  Davis  had  a  sacral 
index  respectively  92,  86,  114,  giving  a  mean  of  97,  so  that  the 
sacrum  was  dolichohieric;  but  in  the  single  female  the  index  was  104. 

In  each  of  my  five  female  pelves  from  Oahu,  Sandwich  Islands,  the 
sacral  breadth  exceeded  the  length,  and  the  mean  index  was  113,  and 
in  the  Tongan  Islander  the  index  was  115.  In  M.  Vemeau's  two 
Sandwich  Island  men  the  mean  sacral  index  was  also  113,  and  in  his 
male  Tongan  it  was  100.  In  his  male  Mangarevan  the  sacral  index 
was  100*9,  and  in  his  Noukahivan  it  was  99.  In  Barnard  Davis's 
male  Tannese  this  index  was  100.  In  each  of  my  two  male  New 
Zealanders  the  sacral  index  was  96.  In  Vemeau's  Loyalty  Islander 
the  sacral  index  was  107*7,  and  in  Barnard  Davis's  male  it  was  103. 
In  Yemeau's  series  of  New  Caledonians  the  mean  sacral  index  in  the 
males  was  102  and  in  the  females  120,  and  in  his  single  male  New 
Guinea  specimen  it  was  111*6.  It  is  clear^  therefore,  that  in  the 
pelvis  of  these  Pacific  Islanders,  of  both  sexes,  whether  we  regard 
them  as  pure  Melanesians  or  pure  Polynesians,  or  as  a  mixture  of  the 
two  races,  the  sacral  breadth  is  as  a  rule  greater  than  the  length  and 
the  proportions  of  that  bone  are  platyhieric. 

In  my  two  male  Quanche  pelves  the  mean  sacral  index  was  108 '5, 
and  in  M.  Yemeau's  male  this  index  was  102.  In  my  male  Esquimaux 
the  sacrum  had  the  abnormal  index  139,  whilst  this  index  in  the 
female  was  106.  In  my  male  Laplander  the  sacral  index  was  106,  in 
the  female  112  ;  but  the  mean  index  in  M.  Yemeau's  two  male  Lapps 
was  only  92*6.  The  number  of  pelves  in  the  Guanche,  Esquimaux, 
and  Laplander  is  too  small  to  form  an  average,  but  I  think  it  not 
unlikely  it  will  be  found,  both  in  the  Guanche  and  the  Esquimaux, 
that  it  is  the  rule  for  the  sacrum  to  be  broader  than  long. 

Of  the  natives  of  India  the  sacral  index  of  the  male  Hindoo  in  my 
Table  V.  was  109.  The  dimensions  of  the  sacrum  in  a  male  Hindoo 
presented  to  the  museum  by  Dr.  Anderson  were — length  110  mm., 
breadth  122  mm.,  the  index  being  111;  in  the  female  Hindoo  the 
index  was  127.  In  all,  therefore,  the  sacrum  was  platyhieric.  In  my 
Sikh  the  sacral  index  was  124*5,  but  in  a  male  Sikh  measured  by 
Bamard  Davis  this  index  was  only  91.  In  a  male  Bhutea,  also 
measured  by  B.  Davis,  the  sacral  index  was  93*6. 
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The  Chinese  measured  in  my  Table  V.  had  a  sacral  index  98.  In 
von  Franqne's  female  specimen  the  length  and  breadth  of  the  sacrum 
were  equal  at  111  mm.,  and  the  index  was  therefore  100.  In 
Vemeau's  female  pelvis  the  sacral  index  was  120,  but  in  his  male, 
owing  to  the  great  length  of  the  sacrum,  134  mm.,^  this  index  was 
only  78.  In  SpengeFs  male  the  sacrum  had  a  still  greater  length,  139 
ram.,  and  its  breadth  was  108  mm.,  the  index  being  77*7.  Owing  to 
the  paucity  of  the  specimens,  and  the  wide  diversity  in  the  relative 
proportions  of  this  bone  in  the  pelves  measured,  it  would  be  difficult 
to  state,  even  approximately,  the  mean  sacral  index ;  but  from  the 
information  at  present  before  one  it  would  seem  as  if  in  the  male 
Chinese  the  length  of  the  sacrum  may  exceed  the  breadth,  though  the 
possibility  of  Verneau  having  included  the  sixth  vertebra  in  his 
measurements  is  not  to  be  lost  sight  of.  In  Yerneau's  male  Annamite 
also  the  sacral  index  was  only  87*6. 

The  female  Ai'no  in  the  Barnard  Davis  collection  had  a  sacral  index 
91 ;  whilst  in  the  male  Alno,  measured  by  Scheube,  the  length  and 
breadth  of  this  bone  were  equal  at  115  mm.  and  the  sacral  index  was 
100. 

In  my  male  Malay  the  sacral  index  was  95.  In  von  Franque's 
female  the  sacral  length  was  102  mm.  and  the  breadth  100  mm.,  the 
index  being  therefore  98.  In  Barnard  Davis's  two  male  Javanese  the 
sacral  index  was  respectively  96  and  88,  but  in  Vemeau's  female, 
owing  to  the  remarkable  shortness  of  the  sacrum,  72  mm.,  this  index 
rose  to  145.  Of  the  twenty-six  Javanese  female  pelves  measured  in 
Zaaijer's  Table  L,  the  length  of  the  sacrum  exceeded  the  breadth  in 
eleven  specimens,  it  was  less  than  the  breadth  in  fourteen  specimens, 
and  in  one  of  these  the  two  dimensions  were  equal.  As  in  the  female 
pelvis  it  is  the  rule  for  the  sacrum  to  be  relatively  broader  than  in  the 
male,  there  can,  I  think,  be  little  doubt  that,  in  the  Malay  race,  the  male 
sacrum  is  longer  than  it  is  broad,  and  that  this  bone  is  dolichohieric. 

Of  the  North  American  Indians  von  Franque  gives  the  length  of 
the  sacrum  in  the  male  Flathead  at  112  mm.  and  the  breadth  at  114 
mm.,  the  index  being  101*8 ;  whilst  in  the  female  the  length  was  107 
mm.  and  the  breadth  108  mm.,  the  index  being  100 '9.  In  Barnard 
Davis's  male  Illinois  Indian  the  sacral  index  was  115*8,  and  in 
Vemeau's  female  Mexican  it  was  108.  Probably,  therefore,  in  the 
North  American  aborigines  the  average  breadth  of  the  sacrum  is  more 
than  the  average  length. 

The  dimensions  of  the  sacrum  have  been  recorded  in  a  few  more 
specimens  of  South  than  of  North  American  Indians.  In  a  male 
Puelche  measured  by  Barnard  Davis  the  sacral  index  was  95*8,  and  in 
a  male  ancient  Peruvian  it  was  92.     From  Yemeau's  table  of  sacral 

^  Vemean  states  that  in  the  Annamite  and  male  and  female  Chinese  pelves  the 
sacmm  consists  of  six  pieces.  The  Chinese  woman,  notwithstanding  this,  has  a 
relatively  broad  sacmm  ;  but  if  he  has  included  the  sixth  piece  in  his  measure- 
ments of  the  Chinese  man  and  of  the  Annamite  the  low  sacral  index  is  accounted 
for  It  is  not  unlikely  that  Spengel's  specimen  may  have  had  a  similar  arrange- 
ment 
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measurements  I  have  compnted  the  sacral  index  in  a  male  Charruan 
at  108,  in  a  male  Botocudon  117,  in  a  male  Bolivian  93,  the  mean  of 
two  male  Peruvians  128,  in  a  male  Goytacazen  119 ;  whilst  the  mean 
of  three  female  Peruvians  was  121*7,  and  in  a  female  Goytacazen  it 
was  110'5.  Of  the  eight  males  three  had  a  sacral  index  below  100, 
but  the  others  were  so  much  above  100  that  the  mean  sacral  index  of 
the  series  was  107*5,  and  the  mean  of  the  four  females  was  116.  The 
measurements  recorded  by  J.  G.  Garson,  of  four  male  Yahgans  from 
Tierra  del  Fuego,  gave  a  mean  sacral  length  103*2  mm.,  and  a  mean 
sacral  breadth  112*2  mm.,  the  mean  index  being  109,  and  in  each 
specimen  the  index  was  above  100.  In  the  South  American  Indians, 
therefore,  I  have  little  doubt  that  the  mean  breadth  of  the  sacrum 
exceeds  the  mean  length,  so  that  the  aborigines  in  both  the  north  and 
south  of  that  continent  are  platyhieric. 

From  this  analysis  of  my  own  measurements  and  of  those  of  other 
anatomists  it  is  clear  that  the  proportion  of  the  length  to  the  breadth 
of  the  sacrum  varies  in  different  races  of  mankind.  In  some  it  is  the 
rule  to  find  it  longer  than  broad,  in  others  broader,  than  long. 
Although  additional  observations  are  still  greatly  needed,  especially  on 
some  of  the  races,  yet  it  seems  possible  to  make  a  provisional  arrange- 
ment of  the  races  of  men  into  two  groups,  according  as  the  sacral 
index  is  below  or  above  100,  and  in  this  Table,  as  in  the  one  given  in 
my  previous  paper,  "  On  the  Index  of  the  Pelvic  Brim,"  the  propor- 
tions are  estimated  on  the  measurements  in  the  male  sex. 

DOLIOHOHIERIO.  PlATTHIIERIO. 

Sacral  Index  below  100.  Sacral  Index  above  100. 

Australians  Europeans 

Bushmen  Negros 

Hottentots  Melanesians 

Kaffirs  Polynesians 

Andamanese  Hindoos 

Tasmanians  Guanche  1 

Chinese  )  Esquimaux  1 

Aino  1  North  American  Indians 

Malays  South  American  Indians 

A  comparison  of  this  Table  with  that  framed  on  the  index  of  the 
pelvic  brim  will  show  that  in  many  instances  a  dolichopellic  brim  is 
conjoined  with  a  dolichohieric  sacrum.  For  example,  this  is  the  case 
in  the  Australians,  Bushmen,  Kaffirs,  Andamanese,  Al'nos,  and  Malays. 
Again  a  platypellic  brim  is  conjoined  with  a  platyhieric  sacrum  in 
the  Europeans,  American  Indians,  and  probably  the  Guanches  and  the 
Esquimaux.  The  pelves  which  I  have  arranged  in  the  mesatipellic,  or 
intermediate  division,  partly  belong,  as  regards  the  proportions  of  the 
sacrum,  as  in  the  Negros  and  Melanesians,  to  the  platyhieric  group, 
and  partly,  as  in  the  Tasmtanians,  to  the  dolichohieric  group.  As  the 
width  of  the  pelvic  brim  is  materially  influenced  by  the  breadth,  of 
the  sacrum,  it  was  to  be  expected  that  a  platypellic  pelvis  wouJ,d  l^ve 
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a  relatively  wide  sacrum,  aad  that  a  dolichopellic  pelvis  would  have  a 
relatively  long  sacrum.  There  are  two  races  which,  however,  have  an 
anomalous  position  in  these  two  tables,  viz.,  the  Chinese  and  the  Poly- 
nesians. The  Chinese  with  a  platypellic  brim,  it  will  be  observed, 
are  placed  with  pelves  in  which  the  sacrum  is  longer  than  broad.  The 
position,  however,  which  the  Chinese  occupy  in  this  table  can  only 
be  regarded  as  provisional,  and  when  a  larger  series  is  examined,  on 
the  basis  of  only  five  sacral  vertebrae  being  measured,  it  is  not  unlikely 
that  their  position  in  the  table  of  sacral  proportions  will  have  to  be 
altered.  The  position  of  the  Polynesians  in  the  table  in  the  preceding 
paper  is  also  provisional,  as  a  wider  series  of  observations  may  require 
them  to  be  transferred  to  another  column  in  that  table. 

In  connection  with  the  relative  dimensions  of  the  conjugate  and 
transverse  diameters  of  the  pelvic  brim,  and  those  of  the  length  and 
breadth  of  the  sacrum  in  the  different  races  of  men,  a  few  words  may 
appropriately  be  written  ou  the  corresponding  relations  in  the  pelvis 
in  other  mammals,  at  least  in  those  which  possess  five  vertebras  in  the 
sacrum.  In  the  Anthropoid  Apes  the  length  of  the  sacrum  is  consider- 
ably greater  than  its  breadth.  In  two  orangs,  which  I  have  measured, 
the  mean  sacral  index  was  87  j  in  two  chimpanzees  the  mean  was  77, 
and  in  a  gorilla  the  index  was  72;  in  an  ox  the  sacral  index  was  87,  and 
the  sacrum  in  all  these  was  markedly  dolichohieric.  The  mean  indei^ 
of  the  pelvic  brim  in  two  chimpanzees  was  133 ;  and  in  an  ox  the 
pelvic  index  was  1 10.  In  these  animals  the  conjugate  diameter  of  the 
pelvic  brim  was  materially  greater  than  the  transverse,  i.e.,  the  index 
was  dolichopellic.  When  a  human  pelvis  therefore  is  dolichopellic, 
and  has  also  a  dolichohieric  sacrum,  it  corresponds  in  both  characters 
with  the  more  usual  type  of  mammalian  pelvis;  and,  as  con^pared  with 
the  relations  of  parts  met  with  in  the  Europeans,  it  possesses  a  degraded 
or  animaUsed  arrangement. 
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Part  IL— On  the  Blood-Forming  Organs. 

Having  reviewed  the  different  elements  found  in  the  blood, 
I  now  pass  on  to  ascertain,  if  possible,  the  function  of  the  so- 
called  blood-forming  organs. 

In  considering  blood-formation,  I  restrict  myself  entirely  to 
blood-formation  in  extra-uterine  life. 

The  organs  called  "  blood-forming "  are  the  spleen,  lymph- 
glands,  bone-marrow,  and  thyroid  gland.  I  have  endeavoured 
experimentally  to  discover  if  all  of  these  organs  produce  red 
blood-corpuscles  in  extra-uterine  life,  and  which  of  them  are 
most  active.  That  they  all,  with  the  exception  of  the  thyroid, 
produce  white  blood-corpuscles,  I  think  nobody  will  doubt. 

With  regard  to  the  formation  of  red  corpuscles  in  extra- 
uterine life,  the  greater  number  of  recent  authors  (Neumann, 
Bizzozero,  &c.)  have  given  the  bone-marrow  the  first  place  as  a 
producer  of  red  corpuscles  in  extra-uterine  life;  though  some 
authors  deny  that  it  has  any  blood-forming  action.  A  smaller 
number  (Rindfleisch,  &c.)  have  given  the  spleen  the  first  place ; 
a  much  larger  number  giving  it  a  second  place,  and  a  few 
(Neumann  and  Ehrlich)  giving  it  no  place  at  all  A  still 
smaller  number  (Zesas  and  Cred^)  look  on  the  spleen  and 
thyroid  together  as  the  chief  producers  of  red  corpuscles  ; 
others  denying  to  the  thyroid  any  blood-forming  action.  The 
lymphatic  glands  receive,  here  and  there,  a  little  irregular  and 
indefinite  support. 

The  points  which  seemed  to  me  most  doubtful,  because  differed 
about  by  men  generally  recognised  as  the  most  competent  author- 
ities on  the  blood  and  on  blood-formation,  were : — l^^,  how  the 
red  corpuscles  are  produced  in  extra-uterine  life ;  2nd,  whether 
the  spleen  has  any  activity  as  a  red-corpuscle-forming  gland  in 
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extra-uterine  life ;  3rrf,  whether  the  lymphatic  glands  have  any 
activity  as  producers  of  red  blood-corpuscles ;  and  4^A,  whether 
the  thyroid  gland  has  any  blood-forming  function. 

I  shall  consider— ;/?rs^/y,  the  results  of  excision  of  the  human 
spleen,  and  what  can  be  learnt  from  the  recorded  cases,  with 
regard  to  its  blood-forming  function ;  secondly,  the  experiments 
and  results  of  the  principal  observers  who  have  excised  the 
spleen  from  animals  and  watched  the  effect ;  and  thirdly ,  my 
own  experiments  on  the  function  of  the  spleen,  as  also  on  the 
function  of  the  lymphatic  glands.  The  function  of  the  bone- 
marrow  will  be  considered  together  with  the  function  of  the 
spleen. 

The  consideration  of  the  thyroid  gland  will  be  more  conven- 
iently left  until  the  consideration  of  the  spleen  is  completed,  as  I 
have  been  unable  to  find  any  grounds  for  supporting  a  blood- 
forming  action  of  the  thyroid. 

It  has  very  recently  been  said  that  we  do  not  know  much 
more  about  the  spleen  than  Aristotle  did  when  he  said:  "The 
spleen  is  not  an  organ  which  is  indispensably  necessary  to  the 
body ; "  and  that  we  may  still  call  it,  as  Galen  did,  the  ''  organ 
full  of  mystery."  This,  however,  is  hardly  true.  For  although 
there  is  still  but  little  uniformity  of  opinion  as  to  the  function  of 
the  spleen,  yet  much  light  has  of  late  been  thrown  on  the  subject, 
more  especially  by  the  very  able  researches  of  Bizzozero.  And 
I  think  that  if  it  can  here  be  shown  that  the  spleen  is  an  organ 
with  an  important  action  in  the  regeneration  of  the  blood  after 
haemorrhage,  a  function  will  be  given  it  not  unworthy  even  of 
an  organ  of  its  considerable  size. 

As  early  as  1549  the  spleen  was  successfully  removed  from  a 
human  subject ;  ^  and  previous  to  that  date  it  had  been  ascer- 
tained that  spleenless  dogs  not  only  lived  after  the  operation, 
bub  even  seemed  to  thrive  and  grow  fatter. 

Chronological  lists  of  excisions  of  the  spleen  in  man  are  given 
by   Cred6^    and    Zesas.^      Credo's    paper    gives    a    list    of    thirty 

^  Fioravanti,  Del  tesoro  delta  vita  humanaf  libr.  ii.  cap.  8.  (Fioravanti  was  the 
physician  of  the  case,  Zaccarelli  the  surgeon. ) 

'  B.  Crede,  **  Ueber  die  Exstirpation  der  kranken  Milz  beim  Menschen,"  Arch, 
f.  klin,  Chir.  (v.  Langenbeck's),  Bd.  xxviii.  (1882),  pp.  401-410. 

'  Zesas,  **  Ueber  Exstirpation  der  Milz  am  Menschen  and  Thiere,"  Areh.  /. 
klm.  Chir.,  Bd.  xxviii  (1882),  pp.  157-178. 
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excisioDB  of  the  diseased  spleen,  and  also  considers  what  has  been 
learnt  from  the  cases  with  regard  to  the  blood-forming  function  of  the 
apleen.  Zesas,  besides  considering  those  cases  where  excision  was 
performed  for  enlargement  of  the  spleen,  gives  the  results  of  twenty 
cases  collected  by  him  of  excision  of  the  spleen  after  penetrating 
wounds  of  the  abdomen  with  injury  to  the  spleen.  Among  these 
twenty  cases  Zesas  could  not  find  a  single  fatal  result. 

Of  the  thirty  cases  quoted  by  Cred^,  sixteen  were  in  leukemic 
patients,  all  of  whom  died  during  or  shortly  after  the  operation. 
From  these  sixteen  nothing  can  be  learnt  regarding  the  function  of 
the  spleen,  as  the  patients  did  not  live  long  enough.  Nor  from  them 
nsjk  we  even  conclude  that  excision  of  the  spleen  in  leukaemia  is  in  itself 
necessarily  fataL  For  the  patients  were  presumably  not  operated  on 
till  after  all  other  remedies  had  been  found  powerless,  and  therefore  not 
till  the  disease  was  far  advanced,  and  their  vital  resistance  reduced  to 
a  minimun. 

Of  the  fourteen  other  cases,  five  resulted  fatally  and  nine  were 
successful  Of  the  five  unsuccesaful  cases  two  may  be  excluded.  In 
one,  where  death  occurred  six  hours  after  the  operation,  the  ligature 
was  found  compressing  the  tail  of  the  pancreas.  The  patient,  who 
before  the  operation  was  in  a  very  feeble  condition,  died  of  shock. 
In  another,  where  death  occurred  two  hours  after  the  operation,  1^  lbs. 
of  blood  was  found  in  the  abdomen.  Neither  of  these  cases  can,  in 
my  opinion,  have  their  fatal  termination  ascribed  to  the  absence,  or,  in- 
deed, even  to  the  removal,  of  the  spleen. 

We  have  left,  then,  three  fatal  cases  out  of  twelve ;  which  cannot  be 
icalled  a  large  mortality  for  such  an  operation,  especially  as  so  many 
of  the  operations  were  performed  before  attention  was  drawn  to  the 
Immense  importance  of  antiseptic  precautions  during  operations  on  the 
abdomen. 

The  information  which  can  be  gathered  from  these  recorded  cases 
with  regard  to  the  blood-forming  action  of  the  spleen  is  not  very 
definite,  but  is  still  of  value.  The  blood  seems  to  have  been  examined 
after  the  operation  in  only  five  of  the  cases  : — 

1.  and  2.  Two  cases  of  Pcan,^  where  some  weeks  after  the  operation 
there  was  a  slight  increase  in  the  relative  number  of  white  corpuscles 
as  compared  with  the  red. 

3.  Czerny  records  a  case  in  which  up  to  five  weeks  after  the  opera- 
tion there  was  apparently  no  change  in  the  blood.  The  blood  was  not 
"examined  later.  In  this  case  the  cervical  and  inguinal  glands  were 
painful  for  several  weeks  after  the  operation. 

4.  Martin  records  a  successful  case  where  examination  of  the 
blood  yielded  negative  results. 

6.  By  far  the  most  carefully  recorded  case,  however,  is  by  Cred^,  in 
the  above-mentioned  paper.  In  it  the  changes  in  the  blood  seem  to 
have  been  of  a  marked  character.  Two  months  after  the  operation 
(which  was  for  a  cyst  of  the  spleen)  the  alteration  of  the  blood  was 
at  its  height^  and  the  proportion  of  white  to  red  corpuscles  was 

^  PeftD,  Tuineura  de  VaJbdomen, 
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1  :  3  or  4.  ^*  There  were  also  a  great  number  of  small  red  corpuscles 
(Mikrozyten),  some  of  them  nucleated."  The  blood  gradually 
changed  back  to  normal  again,  and  was  quite  normal  4^  months  after 
the  operation.  Four  weeks  after  the  operation  a  painful  swelling  of 
the  whole  thyroid  gland  appeared,  which  lasted  for  four  months,  dis- 
appearing soon  after  the  blood  resumed  its  normal  condition.  There 
was  "neither  swelling  of  the  lymph-glands  nor  pain  in  the  bone- 
marrow."  The  patient  was  a  man  of  44  years,  and  he  recovered  his 
health  entirely,  so  that  he  was  able  to  continue  his  work,  that  of  a 
mason. 

I  was  fortunate  enough  to  hear  Dr  Credo's  son  speak  of  the  case  at 
the  Berlin  Surgical  Congress  this  year.  The  man  was  quite  well, 
three  years  after  the  operation;  and  the  white  corpuscles  had  sunk 
below  the  normal  number.  Crede  mentions  particularly  that  the 
marked  changes  in  the  blood  of  his  patient  were  not  seen  for  some 
weeks  after  the  operation,  and  that  he  did  not  find  a  return  to  a 
normal  condition  until  four  months  after  it ;  and  says  that  the  four 
other  cases  were  not  examined  after  they  left  their  respective  hospi- 
tals, four  or  five  weeks  after  the  operation,  whereas  he  watched 
the  blood  of  his  patient  for  ten  months.  He  thinks  it  possible  that 
in  the  blood  of  the  other  patients,  more  especially  of  those  of  P^n, 
there  may  have  been  changes  which  were  not  marked  until  after  the 
patients  left  the  hospital,  and  therefore  until  observations  on  the 
blood  had  ceased  to  be  taken.  From  these  five  cases,  Cred^  gathers 
that  the  spleen  has  an  important  action  in  turning  white  into  red 
corpuscles;  that  when  the  spleen  is  removed  the  retrogressive 
metamorphosis  of  the  red  corpuscles  diminishes;  and  that  the 
white  corpuscles  increase  in  number  until  another  organ  takes  on 
itself  the  function  of  turning  them  into  red  ones.  And  this  other 
organ  may,  he  says,  "possibly  be  the  thyroid  gland."  He  believes 
that  the  lymph-glands  carry  on  their  function  as  before,  and  sees  no 
reason  why  they  should  increase  in  size.  "  The  bone-marrow,"  he  says, 
*'  which  in  normal  conditions  produces  only  a  very  moderate  number 
of  small  red  corpuscles,  appears  to  increase  its  function  after  the  spleen 
is  removed."  He  gives  his  conclusions  in  the  following  tabulated  form, 
and  supports  them  by  his  own  case  and  the  two  cases  of  P^n,  and 
also  by  Zesas'  observations  on  animals,  to  be  afterwards  mentioned  : — 

1.  "The  adult  human  subject  bears  the  removal  of  the  spleen 
without  injurious  efTect. 

2.  "  The  removal  of  the  spleen  causes  changes  in  the  condition  of 
the  blood,  Which  afterwards  pass  ofiP. 

3.  "  These  changes  are  overcome  by  increased  activity  of  the  thyroid 
gland  and  the  bone-marrow. 

4.  "  The  spleen  changes  white  corpuscles  into  red." 

I  have  given  these  conclusions  of  Credd's  before  going  further, 
because  they  are  the  results  of  observations  on  the  human 
subject,  which  of  course  are  of  much  more  value  than  similar 
observations  on  animals.     Credo's  own  case  is,  however,  the 
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only  one  which  has  been  at  all  satisfactorily  observed ;  and  if 
we  wish  to  know  anything  more  definite  with  regard  to  the 
function  of  the  spleen,  we  must  pass  to  experiments  on  animals. 
From  the  time  when  EoUiker  ^  found  nucleated  red  cells  in 
the  spleen  during  intra-uteriue  life  and  after  a  year  of 
extra-uterine  life,  and  therefore  stated  that  the  spleen  is  a 
blood-forming  organ,  blood-formation  was  pretty  generally 
believed  to  be  at  least  one  of  its  functions,  until  Neumann* 
in  1869  cast  discredit  on  this  belief  by  saying  that  the  blood- 
forming  function  of  the  spleen  could  not  be  demonstrated. 

In  his  paper  Neumann  supports  and  extends  the  observations  he 
made  on  the  bone-marrow  in  1868^,  when  he  found  that  the  red 
marrow  contained  nucleated  red  corpuscles  at  all  periods  of  life.  He 
considers  that  the  red  bone-marrow  is  throughout  the  whole  of  extra- 
uterine life  the  only  producer  of  nucleated  red  corpuscles,  and  there- 
fore of  non-nucleated  red  corpuscles,  and  that  after  birth  the  spleen 
has  no  blood-forming  function  whatever ;  and  he  even  expresses  doubt 
about  the  spleen  having  a  blood-forming  function  in  the  foetus.  He 
says  that  the  nucleated  red  corpuscles  found  in  the  spleen  were  just 
caught  there  as  they  were  flowing  through  it  in  the  circulating  blood. 

Freyer,*  a  pupil  of  Neumann,  found  that  the  blood  of  the  aorta 
was  not  poorer  in  nucleated  red  corpuscles  than  the  blood  in  the 
spleen.  He  next  attempted,  by  producing  artificial  anaemia  in  rabbits, 
to  see  if  more  such  cells  could  be  found  in  the  spleen ;  and  obtained  a 
negative  result. 

In  1877  some  valuable  observations  on  the  bone-marrow  were  made 
by  Litten  and  Orth.^  These  observations  were  rather  in  favour  of 
Neumann's  views,  and  at  any  rate  gave  further  proof  of  the  important 
part  the  bone-marrow  plays  in  the  formation  of  red  blood-corpuscles. 
They  found  that  the  marrow  in  the  shafts  of  the  long  bones  was  fatty, 
and  that  only  the  marrow  in  the  spongy  parts  of  the  bones  was  func- 
tional in  the  direction  of  producing  nucleated  red  corpuscles.  They 
tried,  by  producing  artificial  anaemia  in  animals,  to  ascertain  whether 
the  fatty  marrow  also  then  became  functional,  to  meet  the  increased 

^  KoUiker,  Bawtbttch  der  OeweheUhre,  [In  the  statement  abont  Eolliker  on 
page  101  of  this  volume  (page  i  of  reprint),  the  reader  will  please  to  pat 
•'spleen"  instead  of  "liver,"  and  in  the  footnote  put  "Handb.  d.  Cfetoebelehrti^** 
instead  of  "  Mikroak,  Anat.,  Bd.  ii.  p.  690."  The  need  for  this  correction  is  the 
fault,  not  of  Br  Gibson,  but  of  a  reviser  in  his  absence.] 

'^  Neumann,  '*  Ueber  die  Bedeutung  des  Knochenmarkes  fur  die  Blutbildung," 
Arch,  d,  HeUk.,  x.  (1869),  p.  68. 

'  Neumann,  CentrcdhlaUf.  d.  med.  Wiss.,  1868,  No.  44. 

*  Freyer,  Ueber  die  Betheiligung  der  MHz  bei  der  Entvnckdwng  der  rotken 
BhUk^rpercheny  Konigsberg,  1872. 

*  Litten  and  Orth,  Berliner  klinische  Wochenackrift^  1877,  No.  61. 
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requirements ;  and  they  found  that  the  fatty  marrow  in  the  shafts  of 
the  long  bones  became  red  marrow,  and  was  crowded  with  nucleated 
red  corpuscles. 

Professor  Bizzozero  and  Dr  G.  Salvioli  of  Turin  then  set  themselves 
the  question : — Does  the  spleen,  which  is  at  any  rate  said  to  produce 
nucleated  red  corpuscles  at  the  beginning  of  extra-uterine  life,  renew  its 
former  function,  and,  like  the  fatty  marrow,  again  produce  nucleated 
red  corpuscles,  when  artificial  anaemia  is  produced,  and  when 
therefore  the  reserve  blood-forming  capabilities  of  an  animal  are  called 
into  playl  After  elaborate  researches,  they  found  themselves  able 
to  give  an  affirmative  answer  to  this  question.^ 

Their  first  step  was  to  examine  the  spleens  of  healthy  animals  (they 
used  dogs,  guinearpigs,  and  rabbits),  in  order  to  see  whether  they 
already  contained  nucleated  red  corpu8cle& 

They  found,  like  KoUiker,  nucleated  red  corpuscles  in  the  spleens 
of  new-bom  dogs ;  and  even  found  them  in  one  dog  which  was  cer- 
tainly more  than  a  year  old.  In  the  spleens  of  adult  dogs,  such 
corpuscles  were,  as  a  rule,  not  to  be  found ;  although  single  examples 
could  be  found  by  diligent  search. 

In  young  guinea-pigsy  numerous  nucleated  red  corpuscles  were 
found  in  the  spleen.  In  adidts,  few  were  to  be  found;  but  they 
w.ere  very  seldom  entirely  wanting. 

In  rabbits,  they  found  these  cells  only  very  seldom  after  birth ; 
while  in  the  later  period  of  youth  and  in  adults  they  never  found 
them.  They  therefore  considered  that  the  spleens  of  rabbits  were 
peculiar  after  birth,  in  not  containing  any  of  these  nucleated  red  cells. 

Their  second  step  was  to  produce  artificial  anaemia  in  animals  and 
notice  the  effect  on  the  spleen. 

For  the  purpose  of  estimating  the  amount  of  anaemia,  they  employed 
the  chromocytometer  described  by  Bizzozero.^  They  olDtained  positive 
results  only  in  dogs  and  guinea-pigs.  Finding  their  results  from 
rabbits  negative,  they  decided  to  discontinue  their  observations  on 
these  animals. 

Their  first  series  of  experiments  was  on  guinea-pigs.  They 
produced  artificial  anaemia  in  five  guinea-pigs,  by  removing  I  to  2 
per  cent,  (once  3  per  cent.)  of  the  body- weight  of  blood  at  a  time. 
They  never  drew  blood  more  than  twice  from  the  same  animal ;  and  the 
second  blood-letting  was  always  after  an  interval  of  three  days  from 
the  first.  Three  days  after  the  second  blood-letting,  i,e,,  six  days  after 
the  first,  they  killed  the  animal,  and  examined  the  spleen.  In  all 
cases  the  haamoglobin  of  the  blood  on  the  day  of  death  was  between 
50  and  60  per  cent,  of  its  original  amount 

In  all  cases  the  spleen  was  found  swollen  and  rich  in  blood,  some- 
times very  much  so,  and  always  soft  It  always  contained  "very 
numerous  "  nucleated  red  corpuscles. 

^Bizaozero  and  Salvioli,  ''Beitrage  zur  Hamatologie,"  ifo2e«cftott'«  Untermeh' 
ungen^  Bd.  zii.  (1881). 

^Bizzozero,  "II  cromocitometro,  nuovo  instramento  per  dosare  Vemoglobina 
del  $aiigue,"  Accademia  delle  scienze  de  Torino,  1879. 
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The  marrow  of  the  rihs  and  long  hones  also  contained  very  numerous 
nucleated  red  corpuscles,  sometimes  more  than  the  spleen. 

Having  ohtained  such  distinct  results  with  guinea-pigs,  they  next 
treated  a  series  of  ten  dogs  iu  exactly  the  same  way.  They  sometimes 
drew  blood  as  often  as  four  times  from  a  dog,  the  amount  of  blood 
drawn  at  each  time  varying  from  IJ  to  3J  per  cent,  of  the  body- weight. 
About  three  days  after  the  last  blood-letting  the  animal  was  killed. 
The  percentage  of  haemoglobin  contained  in  the  blood  of  the  different 
animals  on  the  day  of  death  varied  between  45  and  55  per  cent,  of 
its  original  amount. 

They  constantly  found  the  marrow  of  the  ribs  very  rich  in  nucleated 
red  corpuscles,  the  marrow  of  the  long  bones  being  less  rich  in  them. 

In  only  one  case  (where  there  was  only  one  blood-letting,  and 
where  the  haemoglobin  was  reduced  only  to  62  per  cent.)  did  they  fail  to 
find  nucleated  red  corpuscles  in  the  spleen.  In  two  cases  they  found 
a  few,  in  three  cases  moderate  numbers,  and  in  four  cases  a  great 
number.  The  spleen  as  a  rule  was  slightly  swollen ;  and  in  those 
cases  where  it  contained  numerous  nucleated  red  corpuscles  it  was 
very  much  swollen,  and  very  soft.  As  a  rule  the  marrow  of  the  ribs 
contained  more  nucleated  red  corpuscles  than  the  spleen :  only  in 
one  case  is  it  remarked  that  it  contained  a  similar  number^  viz.,  in  a 
dog  which  had  been  rendered  more  anaemic  than  the  others,  the 
haemoglobin  having  been  reduced  to  25  per  cent.  They  describe  the 
naked-eye  appearances  of  the  spleen  as  very  characteristic :  in  fact,  as 
so  much  so,  that  by  simply  looking  at  it  they  could  say,  "  there  will 
be  nucleated  red  cells  here."  They  describe  it  as  "rose  coloured  and 
very  much  swollen,"  and  as  contrasting  very  distinctly  with  the  spleens 
of  normal  dogs,  which  are  generally  very  poor  in  pulp. 

Their  next  step  was  to  examine  the  blood  of  the  splenic  artery  and 
the  blood  of  the  splenic  vein  : — 

\sty  To  ascertain  whether  the  vein  contained  more  red  corpuscles 
than  the  artery.  2nd^  To  ascertain  the  number  of  white  corpuscles  in 
the  splenic  vein  relatively  to  the  number  of  red  corpuscles,  and  to 
contrast  this  relationship  with  the  relationship  in  the  splenic  artery. 

For  this  purpose  they  chose  animals  which  had  been  rendered 
anaemic  by  blood-letting,  and  whose  spleens  were  therefore  in  a  state 
of  activity.  In  two  cases  they  used  very  young  dogs  without 
producing  anaemia,  as  they  knew  from  previous  observations  that  the 
spleens  of  such  dogs  are  still  active. 

The  results  they  obtained  were  :  that  the  blood  in  the  splenic  vein 
is  richer  in  haemoglobin  than  the  blood  in  the  splenic  artery,  and  that 
the  relative  number  of  white  corpuscles,  as  compared  with  the  red, 
is  greater  in  the  splenic  vein  than  in  the  splenic  artery. 

From  these  data,  Bizzozero  and  Salvioli  come  to  the  conclusion 
that,  as  the  only  way  in  which  the  blood  of  the  splenic  vein  can  be 
richer  in  haemoglobin  than  the  blood  in  the  splenic  artery  is  by  its 
containing  a  larger  number  of  red  corpuscles,  therefore  the  blood  of 
the  splenic  vein  contains  more  red  corpuscles  than  the  blood  of  the 
splenic  artery ;  and  as  they  found  the  number  of  white  corpuscles 
greater  in  proportion  to  the  red  corpuscles  in  the  splenic  vein  than  in 
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the  splenic  artery,  they  concluded  that  the  addition  of  white  corpuscles 
to  the  blood  in  its  passage  through  the  spleen  is  relatively  still  greater 
than  the  addition  of  red  corpuscles. 

They  did  not  count  the  absolute  number  either  of  red  or  of  white 
corpuscles  in  a  given  quantity  of  blood,  but  used  the  old,  and,  accor- 
ding to  them,  most  accurate  method  of  ascertaioiog  the  relative 
number  of  red  and  white  corpuscles,  viz.,  that  of  mixing  a  drop  of 
blood  with  a  drop  of  a  *75  per  cent,  solution  of  common  salt,  so 
putting  on  a  cover-glass  as  to  obtain  only  one  layer  of  corpuscles, 
lind  then  through  an  eye-piece  micrometer  divided  into  squares 
counting  all  the  red  and  all  the  white  corpuscles  in  a  square,  and  so 
obtaining  their  relative  numbers. 

They  base  their  assumption  that  the  haemoglobin  of  the  blood  can 
be  increased  only  by  the  presence  of  an  increased  number  of  red 
corpuscles  on  the  observations  of  Welcker,  Vierordt,  Heidenhain, 
Panum,  and  others,  who  demonstrated  that  after  blood-letting  the 
hsBmoglobin  of  the  blood  falls  in  percentage  amount  in  consequence 
of  the  absorption  of  fluid  plasma  from  the  tissues ;  and  on  confirma- 
tory observations  conducted  by  themselves,  and  published  in  Mole- 
echotfs  Untersuchungen.^ 

By  the  observations  last  referred  to,  Bizzozero  and  Salvioli  show  that 
the  fluid  is  not  absorbed  from  the  tissues  at  once,  but  that  a  time  vary- 
ing from  six  to  forty-eight  hours  is  required,  before  the  amount  of  fluid 
necessary  to  replace  the^lost  volume  of  blood  has  been  absorbed,  and 
accordingly  before  the  haemoglobin  in  the  blood  has  reached  its  mini- 
mum. They  further  show  that  the  diminution  of  haemoglobin  has  a 
direct  and  constant  relation  to  the  amount  of  blood  lost  For  every 
percent,  of  body-weight  lost,  there  was  a  diminution  of  11 '14  per 
cent  of  the  haemoglobin  of  the  blood.  This  proportion  they  estab- 
lished after  experiments  on  a  great  number  of  animals. 

If  these  results  of  Bizzozero  and  Salvioli  are  compared  with  the 
results  of  J.  F.  Lyon,^  who  produced  artificial  anaemia  in  animals  and 
counted  the  number  of  red  corpuscles  in  the  blood  on  the  subsequent 
days  until  regeneration  had  occurred,  it  will  be  seen  that  the  time  when 
the  number  of  red  corpuscles  suffered  its  greatest  diminution  coincides 
pretty  closely  with  the  time  when  Bizzozero  found  the  blood  poorest 
in  haemoglobin. 

From  their  observations  on  anaemic  guinea-pigs  and  dogs,  Bizzozero 
and  Salvioli  conclude  that  for  these  animals  they  have,  in  opposition 
to  Neumann  and  Freyer,  not  only  proved  "the  real  production  of  colour- 
less blood-corpuscles  in  the  spleen,  but  also  placed  beyond  doubt  its  true 
haematopoietic  function,  and  the  part  it  takes  in  the  formation  of  coloured 
blood-corpusclea"  And  they  further,  in  support  of  their  observations, 
and  in  opposition  to  those  of  Neumann  and  Freyer,  bring  forward  the 

^  Bizzozero  and  Salvioli,  "  Ueber  die  Aenderungen,  welclie  der  Hamoglobin- 
gehaltdes  Blutes  in  Folge  von  Blatentziebungen  ertahrt,"  MoleschoU's  Unter- 
mehwigen^  Bd.  xii. 

*  Lyon,  '*  Blutk5rperzahlungen  bei  traumatischer  Anamie/'  Virchow's  Archiv^ 
Bd.  htxxiv.  pp.  207-247. 
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observations  of  Foa  and  Salvioli  ^  on  the  embryo,  which  they  think 
have  placed  beyond  all  doubt  the  fact  that  the  spleen  produces  red 
blood-corpuscles  in  intra-uterine  life. 

Bizzozero  was,  however,  not  satisfied  with  observations  on  dogs  and 
guinea-pigs,  but  also  made  researches  to  ascertain  the  function  of  the 
spleen  in  other  animals.  Having  found,  as  already  stated,  that  the 
spleens  of  rabbits  appeared  to  be  inactive  after  birth,  so  far  as  the 
formation  of  red  corpuscles  was  concerned,  he  turned  his  attention  to 
birds;  and  a  paper  by  Bizzozero  and  Torre ^  giving  the  results  of 
observations  on  birds  is  published  in  Molesckotfs  Untersuchungen, 
Their  observations  were  chiefly  on  the  pigeon,  fowl,  and  finch  j  and 
they  could  find  no  indication  of  the  formation  of  red  blood-corpuscles 
in  the  spleens  of  these  animals. 

These  conclusions  are  directly  contrary  to  those  which  Bindfleisch  ^ 
came  to,  after  observations  on  birds.  Bindfleisch  particularly  men- 
tioned birds  as  animals  in  which  the  spleen  was  "  by  far  the  most 
important  producer  of  red  blood-corpuscles." 

Bizzozero  and  Torre  found  in  birds,  that  after  the  production  of 
artificial  anaemia  the  fatty  marrow  became  red,  and  actively  produced 
rod  blood-corpuscles.  They  were  able  to  trace  all  stages  between  the 
white  corpuscles,  which  they  believe  are  likewise  formed  in  the  bone- 
marrow,  and  the  fully  developed  red  corpuscles. 

These  observations  are  in  accordance  with  those  of  Theo.  Kom,* 
who  found  that  the  removal  of  the  spleen  was  very  well  borne  by 
birds  (pigeons),  and  did  not  in  any  way  affect  regeneration  of  the  blood 
after  the  production  of  artificial  anaemia. 

Neumann  considers  that  the  ex^periments  of  Theo.  Korn  support 
the  view  he  takes  of  the  function  of  the  spleen.  But  the  error  into 
which  Neumann  seems  to  have  fallen  is  that,  finding  in  rabbits  that 
the  spleen  did  not,  at  least  in  extra-uterine  life,  form  red  blood- 
corpuscles,  he  thence  argued  that  the  spleens  of  other  animals,  includ- 
ing man,  were  equally  inactive.  Bizzozero  remarks,  "if  Neumann 
and  Freyer  had  used  dogs  instead  of  rabbits,  they  would  have  come 
to  the  same  conclusion  as  we  did."  This  is,  however,  not  strictly 
correct,  as  will  further  on  be  seen.  For  in  a  later  paper  Neumann 
also  denies  the  haematopoietic  function  of  the  dog's  spleen. 

Bizzozero  and  Torre^  also  made  observations  on  reptiles,  amphibians, 
and  fishes,  the  results  of  which  were  published  in  1884,  and  are  as 
follows : — 

1.  In  reptiles  and  tailless  amphibians,  the  boruHnarrow  forms  red 
blood-corpuscles,  which  divide  and  multiply  in  it ;  but  the  spleen  has 

^  Foa  and  Salvioli,  **  Soil*  origine  del  globule  roesi  delsangne,"  Arehivioper  le 
scienze  medichet  vol.  iv.  p.  1. 

3  Bizzozero  and  Torre,  '*  Ceber  die  Entstehung  und  Entwickelung  der  rotben 
Blutkorperchen  bei  Yogeln/'  Moleschott^s  Untersuchungen,  Bd.  xii. 

'  Rindfleisch,  Arch./.  mUcrosk.  Anat,,  Bd.  xvii.  pp.  21-42. 

*  Theo.  Korn,  CentralblaU /.  d.  med.  Wiss.,  1880,  No.  41. 

'  Bizzozero  and  Torre,  Virchow's  Arch.  f.  Path.  Antxb.  und  Physiol.^  Bd.  xcv 
Heft  1. 
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no  function  in  the  production  of  red  blood-corpuscles,  and  is  rather  to 
be  considered  as  a  lymphatic  gland. 

2.  In  tailed  amphihian$,  the  bone-marrow  appears  to  lose  altogether 
its  blood-forming  function ;  and  the  spleen  is  the  chief  blood-forming 
organ. 

3.  In  fishesy  the  formation  and  regeneration  of  the  blood-corpuscles 
takes  place  very  slowly,  and  occurs  chiefly  in  the  spleen  and  in  blood- 
forming  parts  of  the  kidney. 

Picard  and  Malassez,^  from  observations  on  dogs,  came  to  the 
conclusion,  that  after  loss  of  blood  in  spleenless  animals  the  blood 
returns  to  its  normal  condition  (as  far  as  the  number  of  corpuscles  is 
concerned)  as  quickly  as  in  animals  still  possessing  a  spleen.  And 
they  further  found  that  extirpation  of  the  spleen  lessened  the  amount 
of  haemoglobin  in  the  blood,  but  that  there  was  an  increase  rather  than 
a  decrease  in  the  number  of  red  corpuscles. 

Here  again  is  seen  the  importance  of  distinguishing  between  the 
microcytes,  which  we  have  .already  considered,  and  the  red  blood- 
corpuscles.  It  seems  to  me  that  Picard  and  Malassez  have  counted 
the  microcytes  as  coloured  corpuscles,  believing  them  to  be  young 
coloured  corpuscles ;  and  that  it  is  in  this  way  they  have  found  an 
increase  rather  than  a  decrease  in  the  number  of  red  corpuscles. 

Bizzozero  attempted  to  ascertain  the  effect  on  the  blood  produced  by 
removal  of  the  spleen,  using  dogs  for  this  purpose.  He  found  that 
after  spleen  extirpation  the  haemoglobin  of  the  blood  diminished  until 
it  reached  a  certain  degree,  and  that  it  then  began  gradually  to  rise 
again.  He  found,  however,  that  it  never  reached  its  former  percentage 
while  the  animal  remained  under  observation. 

The  experiments  of  Bizzozero  and  Salvioli  to  see  whether  after 
blood-letting  in  spleenless  animals  the  blood  returns  to  its  original 
condition  as  quickly  as  in  animals  possessing  a  spleen,  gave  them 
results  quite  different  from  those  of  Picard  and  Malassez,  inasmuch 
as  they  found  that  while  the  animals  remained  under  observation  the 
blood  did  not  return  to  its  former  condition.  They  experimented  on 
three  spleenless  guinea-pigs  and  four  spleenless  dogs ;  but  say  that  their 
experiments  were  not  extensive  enough  to  let  them  come  to  a  perfectly 
definite  conclusion,  because  in  the  case  of  one  dog  the  blood  seemed  to 
return  to  its  previous  condition  as  quickly  as  in  animals  possessing  a 
spleen. 

In  1869  Neumann^  published  a  paper  in  which  he  showed  that 
chronic  diseases  leading  to  general  marasmus  not  only  cause  the 
red  blood-forming  marrow  to  extend  itself  very  much,  but  also  cause 
it  to  become  very  rich  in  nucleated  red  blood-corpuscles.  Moreover, 
his  observations  have  since  received  great  suppoiii  from  those  of  Litten 
and  Orth,  already  referred  to.  But,  while  making  experiments  to  prove 
the  active  blood-forming  function  of  the  bone-marrow,^  he  also  came  to 
the  conclusion,  already  mentioned,  that  the  spleen  is  ^'not  a  blood- 

^  Picard*mnd  Malassez,  Oaeette  mid,  de  Paris,  1878,  No.  15. 

*  Nenmapn,  CerUralblaU /,  d,  med.  Win,,  1869,  No.  19. 

»  Neumafan,  Arck.  d.  HeUk.,  xii  (1871),  p.  187;  xv.  (1874),  p.  470. 


334  DK  J.  LOCEHAKT  GIBSON. 

forming  organ/'  at  any  rate  "  in  extia-aterino  life/'  and  that  even  in 
the  foetus  its  action  in  this  respect  "  is  a  very  subordinate  one."  In 
fact,  he  grants  a  blood-forming  action  to  the  spleen  only  in  a  very 
grudging  manner.  He  says,  "  in  the  embryo  and  for  a  short  time  after 
birth,  nucleated  red  cells  are  found  in  the  spleen  ;  and  it  is  possible 
that  some  of  them  may  arise  in  the  spleen,  as  there  are  more  of  them 
in  the  spleen  than  in  the  heart  blood.'' 

These  conclusions  of  Keumann  are  based  on  his  own  and  Freyer's 
researches  on  rabbits,  already  referred  to ;  but,  in  the  Zeitschrift  fur 
klinische  Medicin^  for  1881,  he  has,  along  with  some  observations  on 
a  case  of  anaemia  due  to  prolonged  and  frequent  loss  of  blood, 
published  the  results  of  experiments  on  two  dogs,  which  he  considers 
further  to  support  them.  He  drew  large  quantities  of  blood  at  a  time, 
and  repeated  the  blood-letting  six  and  seven  times  in  the  course  of 
six  and  five-and-a-half  weeks  respectively.  The  blood  drawn  from 
the  first  dog  in  the  course  of  six  weeks  amounted  to  one-sixth  of  its 
body-weight,  and  the  blood  drawn  from  the  second  dog  in  five-and-a- 
half  weeks  amounted  to  one-eighth  of  its  body-weight  The  second 
dog  was  reduced  to  a  state  of  such  profound  ansemia  that  it  died.  The 
first  dog  was  killed  with  cyanide  of  potassium ;  and  the  spleen  was 
found  to  be  very  dry,  and  to  contain  '^  isolated  nucleated  coloured 
blood-corpuscles,  which  could  only  with  difiiculty  be  found  amongst 
the  colourless  cells  of  the  pulp.''  In  the  second  dog,  being  the  one 
that  died  of  anaemia,  no  nucleated  red  corpuscles  were  found  in  the 
spleen.  In  both  dogs,  the  red  marrow  had  extended  itself  into  the 
yellow  marrow,  and  contained  a  very  large  number  of  nucleated  red 
corpuscles. 

The  chief  reason  for  objecting  to  the  results  of  these  experiments, 
as  against  the  more  numerous  experiments  of  Bizzozero,  seems  to  me 
to  be  the  very  high  degree  of  anaemia  produced.  Under  anaemia  so 
great  and  so  suddenly  produced,  an  organ  whose  function  had  for  a 
considerable  time  been  laid  aside  or  very  little  employed  would  very 
likely  not  be  in  sufficiently  favourable  circumstances  for  the  resump- 
tion of  that  function.  This  reason,  however,  while  applying  to  the 
spleen,  would  not  in  the  same  way  apply  to  the  bone-marrow.  For  at 
the  very  first  loss  of  blood  the  bone-marrow,  already  in  full  activity, 
would  have  its  activity  enormously  increased;  although  it  is  quite 
possible  that  its  further  action  would  be  more  or  less  paralysed  by  the 
profound  state  of  anaemia  ultimately  produced. 

Neumann  in  this  paper  gives  the  history  and  post-mortem  examina- 
tion of  a  very  interesting  case  of  anaemia  from  loss  of  blood  in  the 
human  subject.  The  case  was  that  of  a  woman,  aged  38  years,  who 
had  suffered,  at  intervals,  for  three  years,  from  great  loss  of  blood  from 
the  uterine  mucosa.  She  came  frequently  under  treatment  in  hospital ; 
and  left  improved,  only  to  return,  after  some  months,  with  similar 
symptoma  She  died  during  one  of  the  attacks;  and  the  examination 
of  the  blood-forming  organs,  conducted  by  Neumann,  yielded  the 
following : — 

^  Neumann,  ''  Ueber  Blutregeneration  and  Blutbildaiig/'  Zdta^rtftfBr  klin, 
Med.,  6d.  iii.  Heft  3. 
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The  spleen  was  neither  enlarged  nor  succulent,  but  rather  hard  and 
dry.  Liver  was  of  normal  size.  Retro-peritoneal,  mesenteric,  and 
pelvic  glands  were  distinguished  by  their  flesh-red  colour ;  parts  being 
lighter,  parts  darker.  They  were  not  markedly  swollen,  and  were  of 
a  hard  consistence  ;  and  their  cut  surface  was  dry.  The  bone^marrow 
of  the  ribs,  vertebrae,  and  humerus  was  of  a  dark  raspberry-red  colour. 

Microscopic  Examination. — Fatty  degeneration  was  very  wide- 
spread. 

In  the  hwie^marrowy  from  which  the  fat  had  almost  disappeared, 
were  an  "astonishing  number"  of  nucleated  red  blood-corpuscles. 
The  number  of  these  was  so  great  that  they  were  at  least  as  numerous 
as  the  white  corpuscles  and  colourless  manow-cells.  There  were  more 
nucleated  red  corpuscles  in  the  marrow  than  non-nucleated  ones. 
'^  In  contrast,"  says  Keumann,  '*  with  the  very  distinct  appearances  in 
the  bone-marrow,  the  results  of  the  examination  of  the  spleen  and 
lymphatic  glands  were  essentially  negative." 

In  the  spleen^  he  found  nucleated  red  corpuscles:  but  so  few  of 
them  that  it  was  impossible  to  say  that  they  were  more  numerous  than 
in  the  aortic  blood. 

In  the  lymphatic  glands^  he  found  chiefly  leucocytes,  ^'  but  also, 
together  with  non-nucleated  red  cells,  a  few  scattered  nucleated  red 
cells."  Some  of  the  sinuses  of  the  glands  were  filled  with  red  blood- 
corpuscles,  having  among  them  large  blood-corpuscle-holding  cells 
(of  0 '015  to  0*02  millimetres  in  diameter). 

This  case  Neumann  considers  very  much  against  the  blood-forming 
function  of  the  spleen.  But  it  will  be  noticed  that  some  nucleated  red 
^corpuscles  were  found  in  ther  spleen,  and  that  Neumann's  explanation 
that  they  were  only  caught  there  is  as  yet  only  a  coi\jecture.  Also 
that  under  this  conjecture  their  absence  from  the  spleen  of  one  of  his 
dogs  (the  one  that  died  of  ansBinia)  cannot  be  explained. 

Regarding  the  interesting  appearances  found  in  the  lymphaiic 
glandSf  Neumann  can  hardly  believe  that  either  the  nucleated  or  the 
non-nucleated  red  corpuscles  were  formed  there ;  and  is  much  more 
inclined  to  think  that  they  found  their  way  into  the  lymph-sinuses  of 
the  glands  in  consequence  of  a  diseased  condition  of  the  arterial  walls. 
I  shall  refe^  more  particularly  to  the  lymphatic  glands  of  this  case 
when  I  speak  of  the  blood-forming  function  of  the  lymphatic  glands. 

Neumann  says  that  the  post-mortem  appearances  in  this  case  were 
BO  entirely  like  those  of  progressive  pernicious  ansemia  that  the  uterus 
alone  prevented  the  case  from  being  concluded  to  be  one  of  that 
disease.  And  he  considers  that  it  supports  the  view  of  idiopathic 
amemia  which  he  published  in  1877,^  viz.,  that  that  disease  is  due, 
not  to  a  diminished  production,  but  to  an  increased  wast-e  or  consump- 
tion of  red  cells,  arising  from  unknown  causes. 

In  1882-83  Dr  D.  G.  Zesaa'  published  two  papers  on  the  function 

^  Neumann,  Berlin,  hlin.  Wochensehrijt,  1877,  No.  47. 

'Zesas,  '*  D'eber  Ezstirpation  der  Milz  am  Menscben  and  Thiere."  Zesas, 
''Beitrage  zar  Kentniss  der  Blutverandeningen  bei  entmikten  Menschen  and 
Thieren."— ^rc^  /.  klin.  Chirurgie  (v.  Langenbeck's),  Bd.  xxviii. 
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of  the  spleen.  He  considers  that  the  function  of  the  spleen  is  to 
convert  white  into  red  blood-corpuscles.  He  experimented  on  rabbits, 
which,  it  will  be  remembered,  were  the  animals  used  by  Freyer  when 
he  obtained  negative  results  as  to  a  blood-forming  action  of  the  spleen, 
and  which  were  also  the  animals  laid  aside  by  Bizzozero  and  Salvioli, 
because  the  results  obtained  from  them  were  negative.  He  found 
that  four  to  five  weeks  after  excision  of  the  spleen  there  was  a  decided 
increase  in  the  number  of  the  white  corpuscles  in  the  blood,  and  a 
decrease  in  the  number  of  red  corpuscles.  These  changes  increased 
until  the  tenth  week,  "  when  the  blood  was  richest  in  white  corpuscles, 
and  very  poor  in  red  corpuscles."  He  does  not  give  any  figures  ;  so 
it  is  impossible  to  say  what  he  considers  a  great  increase  of  white 
corpuscles,  or  to  what  exteat  the  red  corpuscles  would  have  to  be 
diminished  before  the  blood  could  be  considered  "  very  poor  in  them." 

In  the  second  of  those  papers,  as  a  result  of  an  experiment  on  a 
dog  from  which  he  removed,  with  a  lethal  result,  both  thyroid  gland 
and  spleen  at  the  same  time,  Zesas  argues  that  after  removal  of  the 
spleen  alone  the  thyroid  takes  on  an  increased  activity,  and  in  fact 
replaces  it ;  and  that  accordingly  the  removal  of  the  spleen  is  borne 
only  by  an  animal  which  still  possesses  a  thyroid. 

When  I  consider  more  particularly  the  supposed  blood-forming 
function  of  the  thyroid,  I  shall  attempt  to  show  how  precipitate  and 
inaccurate  Zesas  was  in  coming  to  any  such  conclusion,  without  first 
ascertaining  whether  an  animal  survived  the  removal  of  the  thyroid 
alone. 

He  does  not  seem  to  have  examined  the  blood-forming  organs 
microscopically ;  and  in  this  paper  he  gives  the  bone-marrow  credit 
for  no  blood-forming  function  whatever.  His  results  are  in  favour  of 
the  blood-forming  action  of  the  spleen,  though  the  experiments  appear 
to  me  to  have  been  too  inexact  to  be  of  very  much  value.  In  his 
further  experiments,  which  I  shall  mention  under  the  observations  on 
the  thyroid  gland,  he  advances  further  proof  of  the  blood-forming 
function  of  the  spleen  (in  cats  and  dogs). 

Having  thus  considered  the  more  important  views  of  others 
as  to  the  blood-forming  function  of  the  spleen,  and  the  experi- 
ments which  seem  to  bear  most  directly  on  the  subject,  I  shall 
now  proceed  to  detail  experiments  made  by  myself,  before 
attempting  to  draw  and  give  my  own  conclusions. 

My  experiments,  though  fewer  and  less  complete  than  those 
of  some  of  the  authors  mentioned,  have  yet,  especially  when 
taken  in  connection  with  those  of  Bizzozero,  enabled  me  to  come 
to  definite  conclusions  regarding  the  action  of  the  spleen  in  the 
production  of  red  blood-corpuscles  during  extra-uterine  life. 
And  they  have  further  enabled  me  to  come  to  definite  conclu- 
sions regarding  the  action  of  the  bone-marrow  and  lymphatic 
glands. 
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I  removed  the  spleen  from  three  dogs ;  and  the  method  I  employed 
for  observing  the  effect  on  the  blood  was  the  enumeration  of  the  red 
and  white  blood-corpuscles  by  means  of  Gower's  "  hiemocytometer." 
I  should  have  liked  also  to  estimate  the  percentage  of  hemoglobin  in 
the  blood,  but  time  would  not  permit  me  to  do  so.  According,  how- 
ever, to  the  observations  and  opinions  of  Bizzozero,  already  quoted, 
the  percentage  of  haemoglobin  in  the  blood  has  a  direct  relation  to  the 
number  of  red  corpuscles ;  and  all  my  observations  have  gone  to  sup- 
port this  view,  viz.,  that  all  the  red  corpuscles  in  the  circulating  blood 
have  a  similar  quantity  of  haemoglobin,  and  that  diminution  or  increase 
of  haemoglobin  in  the  blood  is  due  to  diminution  or  increase  of  the 
number  of  red  blood-corpuscles,  and  not  to  a  smaller  or  greater  amount 
of  haemoglobin  in  any  individual  corpuscles.  This  I  know  is  contrary 
to  the  opinion  of  most  physicians,  and  of  most  French  authors,  who 
believe  that  the  haemoglobin  in  the  blood  may  be  diminished  even 
while  there  are  a  greater  number  of  red  blood-corpuscles  than  normal. 
I  think,  however,  that  this  opinion  has  been  due  to  including  among 
the  red  corpuscles  the  bodies  called  by  different  writers  "  globules  of 
Doun^,"  "Komchenbildungen,**  "  hsemotoblasts,"  or  "microcytes."  If 
the  view  I  have  taken  of  these  bodies  in  the  first  part  of  this 
paper  be  the  correct  one,  the  enumeration  of  them  among  the  red 
corpuscles  would  quite  account  for  a  normal  or  increased  number  of  red 
corpuscles  being  found  along  with  a  diminution  in  the  percentage  of 
haemoglobin. 

In  j&eshly-dxawn  hlood  which  is  quickly  examined,  the  red  corpuscles 
have,  to  my  mind,  all  the  same  colour.  The  haemoglobin,  however, 
begins  to  diffuse  out  of  the  corpuscles  very  soon  after  the  blood  is 
drawn,  and  diffuses  out  of  some  more  rapidly  than  out  of  others ;  so 
that  if  the  examination  of  the  preparation  of  blood  be  delayed,  some 
corpuscles  will  appear  to  be  less  deeply  coloured  by  haemoglobin  than 
others.  The  effect  which  slight  pressure  or  slight  capillary  attraction 
has  in  causing  the  haemoglobin  to  diffuse  out  of  the  corpuscles  is  very 
marked. 

In  speaking,  at  the  end  of  this  second  part  of  my  paper,  of  the 
development  of  the  red  corpuscles,  I  shall  give  further  reasons  for  the 
view  of  the  direct  relation  between  percentage  of  haemoglobin  and 
number  of  red  corpuscles;  and  shall  endeavour  to  show  that  the 
assumption  of  haemoglobin  by  the  corpuscles  takes  place  under  the 
influence  of  their  nuclei,  at  the  same  time  giving  reasons  for  thinking 
that  after  the  nucleus  disappears  the  corpuscle  has  no  longer  the 
power  of  adding  to  the  quantity  of  haemoglobin  it  contains. 

I  kept  my  dogs  in  as  good  hygienic  conditions  as  possible,  in  a 
good-sized  well-lighted  room.  They  had  a  full  and  mixed  diet,  and 
their  movements  in  the  room  were  Httle  or  not  at  all  restricted. 

In  the  excision  of  the  spleen  (and  the  same  applies  to  excision  of  the 
thyroid)  the  animal  was  put  under  the  influence  of  ether,  which  in 
such  experiments  should  always  be  used.  The  animal  takes  the  ether 
well,  and  it  apparently  has  no  bad  after-effects.  Antiseptic  precau- 
tions were  used  during  the  operation ;  but  as  these  could  not  have  been 
carried  out  thoroughly  after  the  operation,  I  did  not  continue  them, 

VOL.  XX.  Y 


338  DR  J.  LOCKHABT  GIBSON. 

and  used  no  dressing  at  alL  I  sewed  up  the  wound  with  chromic-acid 
catgut,  and  latterly  with  horse-hair ;  and  in  every  case  of  excision  of 
the  spleen  union  hy  first  intention  was  ohtained. 

For  excision  of  the  spleen,  after  tying  the  animal  out  on  its  hack 
and  putting  it  under  the  influence  of  ether*  I  made  an  incision  in 
the  linea  alba,  immediately  above  the  umbilicus,  and  about  two  inches 
long,  into  the  abdominal  cavity ;  and  I  then  put  my  fingers  (previously 
thoroughly  washed  in  l-to-20  carbolic  lotion)  into  the  left  hypochon- 
drium,  where  T  quickly  found  the  spleen,  loosely  attached  to  the  great 
curvature  of  the  stomach  by  the  gastro-splenic  omentum.  1  drew  the 
spleen  gently  out  through  the  wound,  and  secured  the  vessels  passing 
to  it  in  from  four  to  six  catgut  ligatures,  the  tissues  in  which  the  vessels 
lay  being  included  with  them  in  the  ligatures.  The  ligatures  were 
then  cut  short,  and  the  vessels  entering  the  hilum  were  divided  on 
the  splenic  side  of  the  ligatures.  The  lips  of  the  wound  in  the  linea 
alba  were  then  brought  together  with  stitches  of  chromic  catgut,  and 
I  was  specially  careful  to  bring  the  peritoneal  surfaces  into  contact, 
in  order  that  union  of  the  peritoneal  wound  might  at  once  take  place, 
and  the  abdominal  cavity  be  shut  off,  in  case  of  the  superficial  part  of 
the  wound  not  healing  by  first  intention. 

The  dogs  all  recovered  very  quickly  from  the  effects  of  the  opera- 
tion. After  coming  out  of  the  ether,  they  shivered  for  about  a  quarter 
of  an  hour ;  and  two  of  them  vomited  once  within  the  first  half  hour. 
But  in  all  cases  a  few  hours  after  the  operation,  t.6.,  on  the  afternoon 
of  the  same  day,  the  dogs  were  so  well  that  no  one  going  into  the 
room  would  have  supposed  that  they  had  been  operated  on  that 
morning.  At  no  time  after  the  operation  did  the  wound  appear  to 
give  any  pain.  For  the  first  day  after  the  operation  they  got  only 
milk  as  food ;  on  the  second  day  they  were  given  also  a  little  meat ;  and 
after  that,  their  ordinary  diet. 

Before  operating  I  always  kept  a  dog  for  a  week,  sometimes  longer,  to 
watch  whether  it  would  lose  or  gain  weight  under  its  new  conditions 
of  life,  and  also  to  obtain  the  average  number  of  red  and  white 
corpuscles.  In  the  tables  here  given,  the  averages  of  the  different 
estimations  of  the  number  of  corpuscles  before  the  operation  are 
placed  at  the  head  of  the  corresponding  columns. 

The  results  of  the  examination  of  the  blood  after  simple 
excision  of  the  spleen  were  the  following :  ^ — 

ExperivMTit  /. 

A  female  dog,  with  short  shaggy  hair,  somewhat  of  the  Scotch 
terrier  type.     About  three  months  old,  and  weighing  2  kilogrammes. 

^  Compare  with  enamerations  of  the  blood  in  normal  animals  given  by  Lyon  in 
Virchow'a  Arehiv,  Bd.  Ixxxiv.  p.  207.  The  slight  irregular  variations  in  the 
number  of  the  corpuscles  in  my  estimations  were  due,  I  believe,  to  the  attempts 
the  remainiug  blood-forming  organs  were  making  to  asseit  themselves. 
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The   operation   was  performed   on   26  September  1881,  and  tha 
results  of  the  estimations  of  the  blood  maj  be  tabulated  as  follows  : — 


Proportion  d( 

LencooTte*.       Lencocytea  to 

H™oc»W^ 

Before  OpemtioD,      .                      6,410.000 

19,000          1 

400-9 

Operation  on  26  September. 

29  September,  6  hours  aft«r, 

6,940,000 

28,000          1 

212 '1 

27          „          iBt  day  after. 

6,636,000 

34,000          1 

133-3 

28          „         2nd     „ 

6,400,000 

26,000          1 

216 

29          „         8rd      , 

6,480,000 

22,000          1 

248-8 

2  October,      8th      , 

6,680,000 

80,000          1 

184-3 

*        ,.            8th      , 

6,5^ 

81,000          1 

178-7 

9        „            18th    , 

6,0( 

24,000          1 

260 

IS        „            2SDd    , 

4,e< 

23,000          1 

21S 

26       „          30th    , 

6,5i 

17,000          1 

808-6 

S  November,  4Srd    , 

B.8(-...- 

13,000          1 

460-7 

17        „         fi2iid   , 

6,280,000 

22,000          1 

239-8 

■26          „          eoth    , 

4,470,000 

13,000          1 

343-8 

5,290,000 

14,000         1 

377-8 

18         „          8*th    . 

6,580,000 

18,000          1 

810 

2JMmMy,     esth    , 

6,080,000 

17,000          1 

867-6 

20        „            119th  , 

6,910,000 

11,000          1 

610 

29        „            12Sth  , 

6,100,000 

9,000          1 

677-7 

26  FebTnary,    lG3rd  , 

5,780,000 

11,000          I 

620-9 

13  Marob,         ISSth  , 

6,600.000 

10,000          I 

660 

A  female  dog  of  the  Eoglish  terrier  type,  short  black-and-tan  hair, 
ears  and  tail  clipped  short.  Weight  about  5  kilogrammes.  At  least 
one  year,  probably  two  years  old. 


I^U^jOMto 

Before  OperatJon,       .               .  |    7,520,000 

16,000 

1  :  470-a 

sr. 

21,000 

346-0 

7         „          4th 

7,600,000 

16.000 

U        „         8lh 

8,460,000 

19,000 

628-1 

13        „         lOCh 

8,910,000 

8,000 

1079-2, 

18        „         16th 

8,460,000 

20,000 

422 '6 

28        „         26th 

8,370,000 

9.000 

930 

6  December,  S2nd 

8,980,000 

10,000 

IS         „          46th 

8,880,000 

9,000 

1  Janoary,      6eth 

7,790,000 

8,000 

•6       „            93rd 

6,590,000 

17,000 

1:387-6 
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Experiment  III, 

A  female  dog,  probably  about  eight  months  old,  but  seemingly  full 
grown ;  with  short  thick  black-and-white  hair.  Weight  slighUy  over 
5  kilogrammes. 


Proportion  of 

Httmocytes. 

Leucocytes. 

Leucocytes  to 
Hemocytes. 

Before  Operation, 

7,000,000 

6,000 

1:1168-2 

• 

Operation  o»  15  November. 

• 

19  November,  4th  day  after,       .   f    6,700,000 

16,000 

:  418-7 

28         „          8th       „      . 

7,220,000 

12,000 

.  601  -6 

27          „          12th      „ 

7,500,000 

8,000 

: 937-6 

2  December,  17th     ,, 

6,850,000 

6,000 

:  1141-6 

9         „           24th     „ 

6,130,000 

22,000 

:  276-6 

22         „          87th     „      . 

6,800,000 

8,000 

X 

:726 

3  January,      49th     ,, 

5,270,000 

18,000 

'292-7 

14       „             60th     „      . 

5,720,000 

12,000 

:  478-6 

27      „             78rd     „      . 

6,770,000 

10,000 

577 

•13  February,     90th     „      . 

4,810,000 

10,000 

:481 

2  March,          107th  ,,      . 

6,050,000 

7,000 

864 

8      „               108th  „      . 

6,590,000 

6,000 

1  ':  1098 

In  the  dog  of  Experiment  /.,  the  changes  seem  to  have  occurred 
quickly,  chiefly  within  the  first  two  months.  They  consisted  in 
a  decrease  of  the  number  of  red  corpuscles  and  a  relative  and 
absolute  increase  in  the  number  of  white  corpuscles  in  the  blood. 
The  greatest  decrease  in  the  number  of  red  corpuscles,  as  will 
be  seen  from  the  tables,^  was  found  two  months  after  the  opera- 
tion. After  reaching  a  minimum,  the  red  corpuscles  then 
increased  again  in  numbers,  though  not  very  regularly ;  and  the 
relation  of  the  white  corpuscles  to  the  red  gradually  approached 
that  which  had  existed  before  the  operation. 

The  increase  in  the  number  of  white  corpuscles,  though  it 
corresponded  to  a  certain  extent  with  the  decrease  in  the  number 
of  red,  did  not  correspond  very  regularly.  The  great  increase 
for  the  first  day  or  two  was  due,  in  part  at  least,  to  the  operation. 
For  the  white  corpuscles  always  rise  in  number,  and  the  red 
corpuscles  always  fall  in  number,  for  a  day  or  two  after  an 
operation:  and  that  without  any  regular  proportion  to  the  amount 
of  blood  lost.  Such  changes  due  to  an  operation  are  always 
recovered  from  in  about  two  days. 

1  Marked  by  *. 
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On  the  13th  of  March,  the  day  of  the  last  estimation,  and 
five-and-a-half  months  after  the  operation,  the  red  corpuscles 
were  slightly  more  than  their  original  number.  The  fact,  too, 
that  the  white  corpuscles  had  then  sunk  below  their  original 
number  seems  to  me  to  be  likewise  of  signiScance,  as  indicating 
that  the  gland  removed  had  for  one  of  its  functions  the  produc- 
tion of  white  blood-corpuscles.  The  important  result  of  the 
blood  estimations,  however,  is  the  distinct  change  observed  in 
ih%  number  of  red  blood-corpuscles.  From  this  change  it  would 
appear  that  [the  gland,  if  not  taking  a  great  part,  must  at  any 
rate  have  taken  sotju  part  in  the  formation  of  the  red  blood- 
corpuscles;  and  that  although  the  other  blood-forming  organs 
had  increased  their  activity,  they  had  yet  failed  to  bring  the 
red  corpuscles  up  to  their  normal  number  again  until  nearly  six 
months  after  the  operation. 

That  the  removal  of  the  spleen  had  little  or  no  effect  on  the 
growth  of  the  animal,  will  be  pretty  evident  when  I  state  that 
the  weight  of  the  animal  was  2  kilogrammes  before  the  opera- 
tion ;  that  it  began  to  gain  in  weight  almost  immediately  after 
the  operation,  and  to  increase  in  size ;  and  that  its  weight  on  the 
26th  of  February  (five  months  after  the  operation)  was  4  kilo- 
grammes and  34  decagrammes.  The  dog  was  then  in  as  good 
condition  as  on  the  day  of  operation,  and,  as  will  be  seen,  had 
doubled  its  weight  (owing  to  increase  in  size).  From  the  day  of 
the  operation  to  the  day  of  its  death,  it  was  the  picture  of  a 
healthy  animal ;  and  certainly  there  was  not  the  slightest  sign 
interference  with  digestion,  which  would  be  expected  if  Schiffs  ^ 
view  of  the  relation  of  the  spleen  to  pancreatic  digestion  were 
admitted.  It  took  its  food  even  more  greedily  after  the  operation 
than  previously.  In  fact  the  behaviour  of  my  dogs  would  rather 
support  the  statement  that  after  the  removal  of  the  spleen  the 
appetite  is  increased. 

In  Experiment  IL,  the  results  obtained  were  at  first  sight  a 
little  confusing :  still  they  may,  I  think,  be  taken  as  likewise  in 
favour  of  a  blood-forming  action  of  the  spleen.  It  will  be 
noticed  that  there  was  a  distinct  fall  in  the  number  of  corpuscles 
in  the  blood  two  months  after  the  operation:  the  confusing  point 
is  that  just  after  an  initial  slight  fall,  and  apparently  as  the 

1  Schiff,  55cAw«««r.  Zeiinchrifi  f.  Eeilkwnde,  Bd.  i.  (1862). 
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immediate  result  of  the  extirpation,  there  was  an  increase  rather 
than  a  decrease  in  the  number  of  red  corpuscles.  Taking 
all  the  facts  together,  I  think  the  results  obtained  from 
the  experiment  (in  which  the  animal,  it  will  be  remembered,  was 
about  two  years  old)  still  support  the  blood-forming  function  of 
the  spleen,  but  point  to  that  function  being  in  adult  life  almost 
in  abeyance.  I  think  they  show  that  even  in  adult  life  the 
spleen  has  some  activity ;  and  it  seems  to  me  that'  even  the 
increase  in  the  number  of  red  blood-corpuscles  after  the 
operation,  instead  of  being  against  this  view,  is  rather  in  favour 
of  it.  For  the  increase  might  be  explained  by  considering  the 
spleen  as  a  blood-forming  organ,  and  supposing  that  on  its 
removal  the  other  blood-forming  organs,  which  had  previously 
been  doing  most  of  the  work,  were  thereby  stimulated  to  a  greater 
acti vi  ty  that  more  than  compensated  for  its  absence.  The  explana- 
tion of  the  subsequent  fall  might  be  either  that  the  bone-marrow 
and  other  blood-forming  organs  had  been  unable  to  maintain  this 
high  state  of  activity,  or  that  the  fall  was  merely  part  of  an 
oscillation  about  the  normal  point. 

It  will  be  noticed  that  the  white  corpuscles  were  diminished 
in  number  both  relatively  and  absolutely,  and  that  afterwards 
there  was  a  slight  increase  in  their  number,  concomitant  with 
the  decrease  in  the  number  of  red  corpuscles. 

An  interesting  point  with  regard  to  the  animal  is  that  it  had 
an  unusually  well  developed  thyroid  gland,  which,  however,  did 
not  enlarge  after  removal  of  the  spleen.  I  shall  subsequently 
consider  the  question  of  this  dog's  thyroid  under  the  effects  of 
excision  of  the  thyroid,  in  the  third  part  of  this  paper. 

In  Experiment  IJL,  where  a  positive  result  was  again 
obtained,  we  were  dealing  with  a  dog  within  the  first  year  of 
extra-uterine  life,  though  having  already  the  appearance  of 
being  full-grown. 

In  the  case  of  this  animal,  the  number  of  red  corpuscles 
gradually  decreased  for  the  first  six  or  seven  weeks ;  next  there 
was  a  hardly  perceptible  rise ;  and  then  they  sank  to  their 
lowest  point,  reaching  it  three  months  after  the  excision.  The 
white  corpuscles  increased  both  absolutely  and  relatively  in 
number,  though  not  in  a  very  regular  manner.  Towards  the 
middle  of  the  fourth  month  they  had  begun  to  sink  in  number. 
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and  if  the  dog  had  been  allowed  to  live  longer  they  would 
probablj  have  sunk  even  below  their  original  number.  The 
diminution  of  the  red  corpuscles  in  this  dog  was  really  a  decided 
one,  amounting  to  quite  2,000,000  out  of  every  7,000,000. 

The  time  of  the  greatest  diminution  of  the  red  corpuscles 
corresponds  pretty  well  in  all  three  dogs,  being  between  eight 
and  twelve  weeks ;  and  it  also  corresponds  with  the  time  given 
by  Zesas  (ten  weeks),  as  well  as,  interestingly  enough,  with  the 
time  given  by  Cred^  (two  months). 

The  last  dog,  like  both  the  others,  recover3d  very  quickly  after 
the  operation  ;  took  its  food  very  well ;  and  after  losing  weight 
for  the  first  day  or  two,  increased  again  until  it  reached  its 
former  weight,  at  which  it  remained,  weighing  on  the  3rd  of 
March  exactly  the  same  as  on  the  day  of  operation.  Here  also 
there  were  no  signs  of  interference  with  digestion,  and  the  dog 
would  have  been  taken  by  any  one  for  a  perfectly  healthy  animal. 

During  the  examination  of  the  blood  of  the  dogs,  I  was  never 
able  to  convince  myself  of  the  presence  of  any  nucleated  red 
corpuscles  in  it. 

Po8t'77iortem  Appearances, — Of  the  three  dogs  from  which  I  excised 
the  spleen,  only  one  was  allowed  to  live  without  further  operation, 
viz.,  the  dog  of  Experiment  L  In  the  dog  of  Experiment  III.  I 
afterwards  produced  artificial  anaemia,  in  order  to  see  the  condition  of 
the  blood-forming  organs  in  a  spleenless  animal  during  the  process 
of  blood-regeneration.  The  dog  of  Experiment  11.  was  used  also  for 
excision  of  the  thyroid,  and  its  further  history  will  be  given  under  the 
head  of  that  gland. 

The  dog  of  Expeidment  L  (on  which  no  further  operation  was  per- 
formed), on  being  killed  after  the  expiry  of  five-and-a-half  months, 
showed  the  following  appearances : — 

Body  well  nourished;  neither  more  nor  less  iat  than  usual.  No 
naked-eye  abnormal  appearances,  with  the  exception  of  the  absence  of 
the  spleen.  There  was  not  the  least  sign  of  there  having  been  any 
irritation  in  the  abdomen,  either  in  the  region  from  which  the  spleen 
had  been  removed  or  elsewhere.  The  liver,  which  has  been  noticed 
by  Zesas  to  be  larger  in  animals  after  removal  of  the  spleen,  was  not 
distinctly  enlarged,  nor  more  than  usually  rich  in  blood. 

The  tissues  to  which  I  paid  particular  attention  were  the  bone- 
marrow,  the  lymphatic  glands,  and  the  thyroid  gland.  In  the 
bone-marrow  and  lymphatic  glands  I  found  evidence  of  blood- 
formation,  but  not  in  the  thyroid  gland. 

As  to  the  bone-marrow,  I  found  evidence  of  blood-formation 
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chiefly  in  the  red  marrovv^  of  the  ribs,  the  vertebral  bodies,  and 
the  heads  of  the  long  bones ;  in  short,  in  marrow  of  spongy  bono. 
But  I  also  found  that  the  usually  fatty  marrow  of  the  shafts  of 
the  humerus  and  femur  had  to  some  extent  been  transformed  into 
red  marrow,  i.e.,  was  much  redder  than  fatty  marrow,  though  not 
BO  red  as  red  marrow,  and,  farther,  presented  microscopic  appear- 
ances intermediate  between  red  and  yellow  marrow.  This 
change  of  the  fatty  marrow  supports  in  an  interesting  way  the 
blood-forming  function  of  the  spleen,  especially  if  compared  with 
the  observations  of  Litten  and  Orth  already  referred  to. — The 
marrow  in  the  shafts  of  the  other  long  bones  had  remained 
fatty. 

The  marrow  was  examined  fresh,  and  either  undiluted  or 
diluted  with  a  neutral  fluid.  I  preferred  the  latter  method; 
because  the  only  semi-fluid  marrow  could  not  be  satisfactorily 
examined  without  dilution.  For  diluting  fluid,  a  solution  of  sul- 
phate of  soda,  of  sp.  gr.  1022,  was  used ;  and  as  it  was  difficult  to 
get  an  idea  of  the  number  of  nucleated  red  cells  in  the  marrow 
when  the  nuclei  were  uncoloured,  the  faintest  trace  of  methyU 
violet  was  added  to  the  solution.  It  is  impossible  to  say  how 
much  methyl-violet  should  be  used :  the  amount  needed  is  bo 
small.  It  is  best  to  use  enough,  but  no  more  than  enough,  to 
colour  the  nuclei  of  Che  red  and  white  cells.  The  addition 
of  such  a  trace  of  methyl -violet  to  the  ''  artificial  serum  "  appears 
also  to  have  the  advantage  of  rendering  it  even  less  liable  to 
alter  the  shape  of  the  red  corpuscles.  This  has  been  remarked 
by  various  observers. 

For  the  examination  of  the  marrow,  I  first  placed  a  drop  of 
the  diluting  solution  on  a  slide ;  then  mixed  the  marrow  with 
the  drop,  at  the  same  time  to  some  extent  teazing  it  out ;  and, 
lastly,  put  on  a  cover-glass,  pressing  it  gently  down  on  the 
preparation  so  as  to  leave  only  a  single  layer  of  cells.  In 
the  case  of  spongy  bone,  I  squeezed  out  the  marrow  by  means 
of  a  pair  of  bone-forceps,  and  so  obtained  a  semi-fluid  marrow 
free  from  bony  spicules. 

The  red  marrow  of  a  normal  dog,  when  thus  treated,  with  or 
without  staining,  shows  numerous  nucleated  colourless  cells  of 
diiferent  sizes,  varying  from  about  8  micros,  to  as  much  as  16 
micros,  in  diameter.    The  nuclei  are  almost  always  relatively 
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large ;  and  they  are  more  or  less  coarsely  granular,  this  beiog 
due  partly  at  least  to  an  intrannclear  net- work.  The  perinuclear 
protoplasm  is  faintly  granular.  Among  the  cells  there  are 
always  a  very  considerable  number  of  ordinary  red  blood- 
corpuscles.  In  addition,  however,  there  are  cells  which  can  be 
distinctly  recognised  as  nucleated  red  blood-corpuscles.  These 
cells,  as  has  already  been  said,  are  best  seen  when  a  trace  of 
methyl-violet  is  added  to  the  artificial  serum  in  which  they  are 
examined.  The  methyl-violet  has  the  effect  of  staining  their 
nuclei,  as  well  as  the  nuclei  of  the  colourless  cells  of  the  marrow, 
and  also  of  staining  to  a  slight  extent  the  perinuclear  protoplasm 
of  the  colourless  cells.  Various  stages  may  be  seen  in  the 
development  of  the  nucleated  red  cells  in  the  bone-marrow,  but 
the  stage  which  is  most  characteristic,  and  which  it  would  be 
difficult  to  mistake  for  anything  but  a  nucleated  red  blood- 
corpuscle,  is  that  where  the  cell  is  rather  larger  than  a  non- 
nucleated  red  blood-corpuscle,  and  has  a  nucleus  which  is  not 
large  as  compared  with  the  cell,  and  perinuclear  substance 
which  is  as  darkly  haBmoglobin- tinted  as  a  non-nucleated  red 
corpuscle  (fig.  1,  dy  Of  this  variety  of  cell,  only  a  few  can  be 
seen  in  the  red  marrow  of  a  normal  dog.  But  there  are  numbers 
of  what  I  consider  to  be  earlier  stages  jn  the  development  of 
these  cells  from  the  ordinary  cells  of  the  marrow  (fig.  1,  b  and  c). 
Many  of  them,  especially  those  of  from  10  to  12  or  even  14 
micros,  in  diameter,  have  a  relatively  very  large  nucleus  with  a 
very  well  defined  outline  (fig.  1,  a).  Filling  up  the  interval 
between  the  nucleus  and  the  capsule  of  some  of  these  cells  can 
be  seen  a  thin  yellow  band,  which  I  take  to  be  the  first  appear- 
ance of  haemoglobin  in  them  (fig.  1,  &).  So  thin  is  the  earliest 
yellow  band,  that  it  could  be  taken  as  significant  of  nothing, 
were  it  not  for  the  fact  that  what  must  be  later  conditions  of 
such  cells  can  be  seen,  where  it  has  become  broader  (fig.  1,  c). 
And,  indeed,  all  stages  of  transition  can  be  seen,  between  the 
large  cells,  with  their  large  nuclei  and  very  thin  band  of 
haemoglobin-coloured  perinuclear  substance,  and  the  typical 
nucleated  red  corpuscle,  which  is  much  smaller,  and  has  a  much 
smaller  nucleus  and  a  broad  coloured  band.  As  a  rule,  the  band 
uf  haemoglobin -coloured  substance  occupies  the  whole  space 

^  The  figure  will  be  given  in  the  next  nnmber  of  the  Journal, 


346  DB  J.  LOCEHART  GIBSON. 

between  the  cell-envelope  and  the  nucleus ;  but  occasionally 
there  can  be  seen  a  small  amount  of  colourless  substance 
immediately  surrounding  the  nucleus,  and  still  taking  on  the 
methyl-violet  colouring.  I  have  seen  this  remnant  of  the 
perinuclear  finely  granular  substance  of  the  cell  only  in  the 
younger  stages  of  development,  never  in  a  typical  nucleated 
red  cell 

To  return  to  the  post-marUm  appearances  of  the  dog 
(Expt.  I.)  :— 

The  bone-marrow  of  the  ribs,  squeezed  out,  as  stated,  and 
mixed  with  the  methyl-violet-tinted  sodium-sulphate  solution, 
showed  great  numbers  of  very  young  nucleated  red  cells ;  and 
here  and  there  could  be  found  nucleated  red  cells  of  the  more 
typical  variety.  Nucleated  red  cells  crenate  very  easily,  thus 
giving  an  additional  proof  of  their  relation  to  the  non-nucleated 
red  cells. 

The  marrow  from  the  heads  of  the  femur  and  humerus  showed 
enormous  numbers  of  nucleated  cells  in  the  early  stage  of  de- 
velopment :  a  greater  number  even  than  was  found  in  the  ribs. 
Also  a  few  of  the  more  typical  variety. 

The  partially  reddened  marrow  of  the  shafts  of  the  humerus 
and  femur  contained  a  few  examples  of  developing  red 
cells. 

In  the  lymphatic  glands,  very  interesting  and  unexpected 
appearances  were  found.  The  glands  of  the  mesentery  were 
distinctly  enlarged,  when  compared  with  those  of  normal  dogs ; 
and  they  were  distinctly  succulent,  though  not  decidedly  redder 
than  usual.  A  scraping  from  the  cut  surface  of  these  glands, 
mixed  with  the  methyl-violet-tinted  sodium-sulphate  solution, 
showed  numbers  of  nucleated  red  cells,  in  earlier  and  later 
stages  of  development.  There  could  be  no  doubt  about  them : 
for  there  were  a  few  in  every  field ;  and  quite  as  many  of  the 
later  stages  could  be  found  as  in  the  marrow  of  the  ribs.  This 
observation  will  be  more  interesting  when  it  is  compared  with 
what  I  shall  afterwards  describe  as  having  been  found  by  me  in 
the  lymphati3  glands  of  an  animal  whose  thoracic  duct  I  had 
tied  some  time  previously. 

The  thyroid  gland,  when  similarly  examined,  showed  no  signs 
of  a  blood-forming  function. 
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I  now  paBB  to  the  dog  on  which  ^osperiment  IIL  was  per- 
formed, and  which  I  subsequently  bled  for  the  purpose  of 
producing  artificial  anaemia.  On  referring  back,  we  see  that 
on  the  3rd  of  March,  nearly  four  months  after  the  operation  of 
excision  of  the  spleen,  this  animal  had  a  number  of  red  corpuscles 
per  cubic  millimeter  of  blood  almost  a  great  as  the  original 
number,  and  that  the  white  corpuscles  had  almost  their  original 
relation  to  the  red. 

Experiment  IV. 

Dog  previously  used  for  Experiment  III. 

On  the  3rd  of  March  I  drew  from  the  left  carotid  20  c.c.  of  blood, 
being  scarcely  ^  per  cent,  of  the  body* weight ;  and  on  the  following  days 
I  estimated  the  blood,  to  notice  the  effect.  In  cases  of  drawing  blood, 
as  well  as  in  my  other  experiments,  I  always  put  the  animal  xmder 
the  influence  of  ether. 


^Hnmocytes. 

LenoocTtea. 

Proportion  of 
Leucocytes  to 
Hsemocytes. 

Before  OperatioD, 

6,690,000 

6,000 

1:1098-8 

Operation  on  3  Marcl 

/• 

4  March,  Ist  day  after,    . 

6,690,000 

18,000 

1:487-6 

5      „        2iid      ,, 

6,060,000 

10,000 

1:606 

6      ,,        Srd      ,, 

6,260,000 

8,000 

1:781-2 

9      „        6tli      ,, 

6,270,000 

6,000 

1  : 1254 

Six  days  after  the  loss  of  blood,  which  must  be  taken  as  an  ex- 
tremely small  one,  the  corpuscles  had  not  quite  returned  to  their 
previous  numbers ;  showing  that  blood-formation  was  not  so  rapid  as 
usual.  ^ 

As  a  proof,  however,  that  in  spleenless  animals  the  blood  is  not  so 
rapidly  regenerated,  the  experiment  cannot  alone  be  considered  of 
much  value. 

On  the  9th  of  March,  I  drew  from  the  same  carotid  artery  (the 
previous  wound  having  in  the  meantime  healed)  a  considerably  larger 
quantity  of  blood,  viz.,  75  cc,  being  about  1"8  per  cent,  of  the  body- 
weight. 

The  dog  recovered  quickly  from  the  operation,  and  was  well  next 
day,  though  not  so  lively  as  usual,  being  more  inclined  to  sleep,  and 

^  Compare  with  residts  of  Lyon's  experiments,  Virchovo'a  Arehiv,  Bd.  Izxxiv. 
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less  active  in  its  movemeiits.     The  amount  of  anemia  produced  will 
be  evident  from  the  following  table  : — 


Hnmocytes. 

Leucocytes. 

Proportion  of 

Leucocytes  to 

Hssmocytes. 

Before  OperatioB, 

6,270,000 

5,000 

1  : 1254 

Operation  on  9  March. 

11  March,  2Dd  day  after,    . 

4,400,000 

7,000 

1:628-6 

14      ,,        5th      ,f 

4,490,000 

9,000 

1  :498'S 

The  loss  of  blood  had  produced  a  very  considerable  degree  of 
anaemia ;  and  in  this  instance  sufficient  time  did  not  elapse  before  I 
killed  the  animal  to  enable  me  to  see  to  what  extent  the  remaining 
blood-forming  organs  would  be  able  to  regenerate  the  blood,  and  how 
long  it  would  take  them  to  do  so. 

Post-mortem  appearances,  after  killing  with  ether,  on  the  14th 
of  March : — 

Bone-mairow, — The  marrow  of  the  ribs  contained  a  great 
many  nucleated  red  cells,  some  of  which  had  very  small  nuclei 
(fig.  1,  e). 

The  marrow  in  the  whole  length  of  the  shafts  of  the  humerus 
and  femur  was  red,  and  contained  great  numbers  of  the  early 
stages  of  nucleated  red  cells,  as  well  as  a  fair  number  of  the  more 
typical  nucleated  red  cells. 

The  marrow  in  the  heads  of  the  long  bones  and  the  marrow  of 
the  bodies  of  the  vertebrae  contained  a  greater  number  of 
developing  red  cells  than  the  marrow  in  the  shafts  of  the  long 
boues,  but  not  so  niany  as  the  marrow  of  the  ribs.  Most  of  the 
cells  were  in  the  earlier  stages. 

The  comparative  rarity  of  the  later  stages  of  the  developing 
red  corpuscles,  except  in  the  marrow  of  the  ribs,  and  the  great 
numbers  of  the  earlier  stages,  correspond  entirely  with  the  blood 
enumerations.  For  according  to  these  the  regeneration  of  the 
blood  had  even  on  the  day  of  death  hardly  yet  begun. 

Lymphatic  Glands. — Those  of  the  abdomen  were  large  ami 
rather  succulent,  and  if  anything  somewhat  redder  in  the  centre 
than  usual.  Some  nucleated  red  cells  were  found,  but  not  very 
many.  There  were,  however,  a  considerable  number  of  white 
cells  with  peculiarly  clear  perinuclear  substance,  which  looked 
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as  if  they  needed  nothing  but  haemoglobin  to  convert  them  into 
nucleated  red  celU. 

Thyroid  Oland, — Of  usual  size,  most  unusually  pale,  and 
presenting  no  appearance  of  a  blood-forming  function. 

In  the  abdomen  there  were  not  the  faintest  appearances  of  any 
irritation  having  followed  the  removal  of  the  spleen. 

Up  to  this  time  I  have  been  dealing  with  animals  from  which 
I  had  excised  the  spleen  ;  and  I  think  that  my  experiments 
furnish  pretty  conclusive  proof  that  the  spleen  has  in  ordinary 
conditions  a  blood-forming  action,  if  perhaps  a  subordinate  one, 
throughout  extra-uterine  life,  its  activity  being,  however,  pro* 
bably  greater  during  the  first  year  of  life.  The  facts  in  favour 
of  this  action  are : — 

1.  The  changes  in  the  blood,  consisting  in  a  primary  decrease 
in  the  number  of  red  corpuscles  and  increase  in  the  number  of 
white,  and  in  one  case  (Expt.  I.)  a  secondary  decrease  of  the 
white  corpuscles  below  their  original  number  after  the  red 
corpuscles  had  already  returned  to  their  original  number.  The 
secondary  decrease  in  the  number  of  white  corpuscles,  which 
corresponds  with  the  observations  on  the  blood  of  Credo's 
patient  three  years  after  the  extirpation  of  the  spleen,  points  to 
the  probable  reason  for  the  primary  increase,  viz.,  that  an  organ 
had  been  removed  having,  on  the  one  hand,  the  function  of 
transforming  white  corpuscles  into  red,  and  on  the  other  hand 
the  function  of  itself  producing  white  corpuscles. 

2.  The  partial  transformation  of  the  yellow  marrow  of  the 
shafts  of  the  humerus  and  femur  into  red  marrow. 

3.  The  appearance  of  a  considerable  number  of  nucleated  red 
cells  in  the  lymphatic  glands,  only  very  few  nucleated  red  cells 
being  found  in  the  lymphatic  glands  under  ordinary  conditions. 

I  next  tried  to  ascertain  the  truth  of  Bizzozero's  assertion  that 
the  spleen  is  brought  into  fresh  activity  by  the  produution  of 
artificial  ansemia.  Experiment  IV.,  already  described,  had  given 
some  evidence  of  a  negative  character  in  favour  of  Bizzozero's 
view :  for  in  it,  after  blood-letting  in  the  spleenless  animal,  the 
regeneration  of  the  blood  did  not  take  place  as  rapidly  as, 
according  to  Lyon,  it  would  in  animals  possessing  spleens  have 
done.  The  post-mortem  appearances  were  similar  to  those  found 
in  the  dog  of  Experiment  I.,  being  merely  somewhat  exaggerated. 
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owing  to  the  efforts  of  the  remaining  organs  to  overcome  the 
artificial  anaemia  which  had  been  produced. 

I  was  only  able  to  perform  one  experiment  for  the  purpose  of 
ascertaining  whether  I  could  get  any  positive  evidence  in  favour 
of  Bizzozero's  conclusion,  but  from  it  fortunately  got  very 
decided  evidence  of  the  kind. 

Experiment  V, 

A  very  healthy  female  dog,  about  two ,  years  old,  a  mixture  of  pug 
and  terrier.     Weight  6  kilogrammes  20  decagrammea 

On  the  lOth  of  March  I  drew  from  the  right  carotid  140  cubic 
centimetres  of  blood,  being  about  2*6  per  cent  of  the  body- weight. 
Then  I  left  the  animal  for  three  days,  feeding  it  as  usual,  and  finding 
that  during  this  time  it  did  not  lose  weight.  And  then  I  killed  it 
with  ether,  and  examined  the  blood-forming  organs. 

Spleen. — Unusually  large, soft,  and  succulent,  and  of  the  rose-red 
colour  which  Bizzozero  describes  as  so  characteristic  of  a  spleen 
oontaining  many  nucleated  red  cells. 

A  scraping,  examined  in  the  usual  way,  showed  very  numerous 
nucleated  red  cells,  many  of  which  were  in  process  of  division. 
Many  of  the  cells  were  in  the  earlier  stages  of  nucleated  red 
cells,  but  there  were  also  a  very  large  number  in  the  later  and 
more  typical  stages.  There  could  be  no  doubt  about  these  cells 
having  been  formed  here.  For  their  number,  although  smaller 
than  the  number  found  in  the  marrow  of  the  ribs,  was  yet  far 
above  what  could  be  accounted  for  by  the  supposition  of  nucle- 
ated red  cells  having  been  entangled  in  the  spleen  from  the 
circulating  blood.  Moreover,  the  occurrence  of  the  red  cells  in 
their  different  stages  of  development  and  the  occurrence  of  the 
dividing  red  cells  are  very  much  against  any  such  suppositiort 

LyTTvphatic  Glands. — Were  perhaps  a  little  larger  than  usual, 
but  were  no  redder.  A  scraping  from  the  the  cut  surface  of  a 
mesenteric  gland  showed  many  nucleated  red  cells,  with  very 
faintly  coloured  perinuclear  substance,  as  well  as  a  fair  number 
of  non-nucleated  red  cells.  The  bronchial  glands  showed  the 
same  appearances. 

Bone-Marrow. — ^The  marrow  of  the  ribs  was  of  a  very  rich 
brown  colour.  In  it  were  found  enormous  numbers  of  nucleated 
red  cells,  in  all  stages  of  development  These  cells  were  more 
deeply  hsemoglobin-tinted  than  those  found  in  the  lymph  glands, 
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but  were  otherwise  the  same  cells.  The  shafts  of  the  femur 
and  hamerus  were  filled  with  a  very  rich  red  marrow,  which 
contained  numerous  nucleated  red  cells>  thpugh  not  so  many  as 
the  marrow  in  the  heads  of  the  bones.  The  marrow  in  the  heads 
of  the  bones  contained  fewer  than  that  of  the  ribs. 

There  wsus  a  complication  in  this  experiment,  inasmuch  as  I 
had  previously  (three  weeks  before  the  blood-letting)  removed 
from  the  animal  one  lobe  of  the  thyroid  gland.  The  case  might 
therefore  be  interpreted  as  supporting  the  views  of  those  who 
believe  that  the  spleen  and  thyroid  have  a  mutual  compensatory 
function ;  and  unfortunately  I  cannot  altogether  deny  that  such 
an  interpretation  is  possible.  But  all  my  observations  on  the 
thyroid  are  greatly  against  its  having  a  function  similar  to  that 
of  the  spleen.  I  have,  in  fact,  found  no  evidence  of  its  having 
any  blood-forming  function.  The  dog  in  this  experiment  had 
suffered  in  no  way  from  the  removal  of  one  lobe ;  and  I  shall 
further  on,  under  the  head  of  the  thyroid  gland,  give  other  cases, 
both  in  animals  and  in  the  human  subject,  where  removal  of  one 
lobe  had  no  effect  whatever.  The  examination  of  the  remaining 
lobe  of  the  thyroid  gland,  which  was  7u>t  distinctly  enlarged, 
revealed  no  signs  of  a  blood-forming  function. 

I  next,  in  order  to  be  able  to  look  at  the  question  from  as 
many  sides  as  possible,  estimated  in  two  animals  the  numbers 
of  red  and  white  corpuscles  in  the  splenic  artery  and  vein,  to 
see  whether  Bizzozero's  observations  on  this  point  could  be 
confirmed.  It  will  be  remembered  that  he  found,  or  concluded 
that  he  found,  an  increase  in  the  number  of  red  corpuscles,  and 
a  relatively  still  greater  increase  in  the  number  of  white 
corpuscles,  in  the  splenic  vein,  over  the  numbers  in  the  splenic 
artery. 

The  results  of  my  two  observations  were  not  very  marked, 
but  they  pointed  in  the  same  direction  as  the  results  of 
Bizzozero's  experiments. 

Experiment  VL 

The  first  enumeration  was  taken  from  the  blood  of  the  splenic 
artery  and  splenic  vein  of  a  dog  whose  thoracic  duct  I  had  tied  some 
time  previously  (with  a  result  to  be  afterwards  described). 

When  about  to  kill  the  animal,  I  put  it  under  ether,  and  cut 
directly  down  upon  the  spleen,  on  the  outer  border  of  the  left  rectus 
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abdominis,  just  below  the  ribs.  A  good  free  incision  was  made,  so 
that  I  could  draw  the  spleen  out  of  the  abdomen  without  in  any  way 
squeezing  it,  and  without  drawing  on  its  blood-vessels.  After  clear- 
ing its  vessels  as  carefully  as  possible,  I  made  with  a  needle  a  puncture 
in  the  splenic  vein  sufficiently  large  to  let  the  blood  flow  very  freely. 
I  made  the  puncture  in  the  vein  first,  because  a  permanent  wound  in 
the  vein  would  not  affect  the  number  of  corpuscles  in  the  blood  of  the 
artery,  while  if  I  had  first  taken  blood  from  the  artery  and  had 
happened  to  stop  the  flow  in  it,  I  should  probably  have  found  little 
or  no  blood  in  the  vein  when  it  was  opened.  After  the  required 
quantity  of  blood  had  been  got  from  the  vein,  the  gentlest  pressure  of 
a  sponge  for  a  minute  sufficed  to  stop  the  flow  from  the  wound  in  its 
walls  ;  and  this  seemed  to  have  become  closed,  as  the  circulation  went 
on  as  before.  I  then  made  a  puncture  in  the  artery,  and  took  the 
required  quantity  of  blood  while  it  came  freely  spurting  out  The 
enumeration  of  the  red  and  white  corpuscles  gave  the  following : — 

Splenic  Vein. 

HsBmocytes  9,600,000.  Leucocytes  11,000.  Relative  number  of 
Leucocytes  io  Hsemocytes  1 :  872*7. 

Splenic  Artery, 

Hsemocytes  9,410,000.  Leucocytes  9,000.  Relative  number  of 
Leucocytes  to  Hamocytes  1 :  1045*5. 

These  figures  support  the  results  of  Bizzozero,  though  not  in 
a  very  pronounced  manner,  especially  as  the  spleen  in  this 
experiment  contained  (as  will  later  more  particularly  be  stated) 
a  moderate  number  of  developing  red  blood-corpuscles,  and  was 
therefore  more  active  than  the  spleen  of  a  normal  animal.  And 
here,  indeed,  it  must  be  remembered  that  Bizzozero's  own 
observations,  made  as  they  were  on  animals  which  had  been 
rendered  anaemic,  were  likewise  made  under  conditions  in  which 
the  spleen  was  actively  producing  red  blood- corpuscles. 

We  cannot  expect  that  a  very  decided  number  of  fresh  red 
corpuscles  should  be  added  to  every  cubic  millimeter  of  blood 
which  passes  through  the  spleen;  and  we  must,  I  think,  be 
content  to  allow  that  if  the  blood  of  the  splenic  vein  contains  at 
all  a  greater  number  of  red  corpuscles  than  the  blood  of  the 
artery,  then  the  spleen  has  really  a  blood-forming  function. 

Moreover,  the  function  of  the  spleen  as  a  producer  of  white 
corpuscles  is  likewise  supported,  if  indeed  it  needed  any  other 
than  a  histological  support 

I  found  no  nucleated  red  corpuscles  in  the  blood  of  either 
vein  or  artery. 


I 
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Experiment  VII. 

The  second  dog  from  which  I  got  sach  an  enumeration  was  the  one 
I  made  artificially  anaemic  (Experiment  Y.)  tosee  if  the  activity  of 
the  spleen  would  be  increased.  The  steps  taken  for  the  enumeration 
were  the  same  as  in  Experiment  VI.  The  results,  although  in  favour 
of  the  same  conclusion  as  those  of  that  experiment,  were  still  less 
decided.  This  is  remarkable,  as  the  spleen  was  very  rich  in  develop- 
ing red  ceUs. 

Splenic  Vein. 

Hssmocytes  6,310,000.  Leucocytes  9,000.  Eelative  number  of 
Leucocytes  to  Hsemocytes  1  :  70rL 

Splenic  Artery. 

HsBmocytes  6,250,000.  Leucocytes  8,000.  Belative  number  of 
Leucocytes  to  Hsemocytes  1 :  781*2. 

These  slight  differences  between  the  numbers  of  corpuscles  in 
the  veiD  and  artery  are  quite  in  accordance  with  the  observations 
of  those  writers  who  could  find  no  difference  between  the  con- 
tents of  the  vein  and  the  contents  of  the  artery  in  normal 
conditions.  For  if  the  difference  is  so  slight  when  the  spleen  is 
actively  forming  red  cells,  it  must  be  still  slighter  when  the 
spleen  is  comparatively  inactive.  In  other  words,  the  addition 
of  red  corpuscles  to  a  cubic  millimetre  of  blood  in  passing 
through  the  spleen  must  in  normal  conditions  be  so  small  as 
to  make  it  practically  impossible  to  observe  any  numerical 
difference  between  the  corpuscles  in  the  artery  and  the  corpuscles 
in  the  vein. 

But  here  another  point  must  not  be  lost  sight  of,  viz.,  what  is 
stated  by  many  authors  to  be  one  of  the  functions  of  the  spleen, 
the  breaking  down  of  red  blood-corpuscles.  Later  in  my  paper 
I  shall  speak  of  reasons  for  supporting  this  as  one  of  the 
functions  of  the  spleen.  If  the  spleen  possesses  any  such 
function,  the  increase  in  the  number  of  red  corpuscles  in  the 
splenic  vein  over  the  number  in  the  splenic  artery  would  be 
BO  index  of  the  number  of  fresh  corpuscles  added  to  the  blood 
in  its  passage  through  the  spleen. 

iToU  ^onHnusd in  ike  next  tmmlber.) 
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MALFORMATIONS  OF  PELVIS  AND  PELVIC  ORGANS  IN 
A  FCETUS.     By  John  Palmer,  L.R.C.P.  Lond.,  M.R.C.S.  Eng. 

Mrs  J.  was  delivered  of  twins  on  the  Ist  of  June  1884  (a  month 

earlier  than  she  expected).    The  first  child  was  a  girl,  living  and  looking 

like  a  foetus  of  between  7  and  8  months,  the  second  child  was  small 

and  looked  like  a  fcetus  at  about  the  6th  mouth,  this  child  lived  five 

hours ;  the  first  child  is  living  now  and  is  a  very  fine  girl,  the  mother 

says  as  large  as  any  of  her  children  have  been  at  the  same  age  (14 

months). 

On  superficial  examination  of  the  second  child,  the  pelvis  was  found 

to  be  extremely  small,  and  no  external  opening  could  be  found ;  in  the 

middle  line,  a  little  below  the  lower  end  of  sacrum,  was  a  very  small 

projection  of  skin  with  a  small  depression  extending  roanii  it ;  farther 

forward,  a  little  below  the  symphysis  pubis  in  the  middle  line,  was  a 

small  nipple-like  projection  of  skin,  but  no  opening  in  or  around  it ; 

the  appearance  is  represented  in  fig.  1. 

On  post-mortem  examination  of  chest,  heart  and  lungs  were  found 
to  be  normal ;  and  on  opening  abdomen,  liver,  spleen,  suprarenal 
bodies,  small  and  large  intestines  as  far  as  sigmoid  flexure  were  normal, 
caecum  in  right  iliac  fossa ;  in  left  iliac  fossa  the  descending  colon 
ended  in  a  large  closed  dilatation  measuring  in  length  2  inches,  in 
width  1^  inches ;  no  trace  of  rectum  either  as  a  fibrous  cord  or  other- 
wise could  be  found.  The  cavity  of  pelvis,  which  was  very  shallow 
and  small,  measured  transversely  J  of  an  inch,  antero-posteriorly  ^  of 
an  inch ;  in  it  was  the  lower  part  of  a  closed  sac  which  measured  in 
length  from  above  downward  I^  inches  and  transversely  1^  inches. 
This  sac  on  being  opened  was  found  to  contain  about  two  teaspoonfuls 
of  milky-looking  fluid,  which  under  the  microscope  showed  epithelial 
and  fat  cells  and  debris,  the  pouch  at  end  of  descending  colon  was 
attached  to  the  upper  and  left  side  of  this  by  connective  tissue  (their 
cavities  did  not  communicate).  Into  the  sides  of  this  closed  sac  at  its 
upper  part  were  seen  to  be  inserted  two  thickened  cords  which 
suddenly  became  fine  tubes  (Fallopian  tubes),  and  were  contained  in 
the  broad  ligaments,  the  ovaries  lying  immediately  below  the  fine 
tubes,  the  thickened  portions  apparently  represented  the  two  halves 
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of  an  nndeveloped  uterus ;  the  round  ligaments  were  large,  normal  in 
position  and  destination.  Reaching  rather  higher  up  than  this  sac, 
and  somewhat  to  the  left  side,  and  extending  downward  behind  to  its 
base,  being  closely  adherent  to  its  posterior  wall,  was  another  sac, 
oblong  in  shape,  the  upper  extremity  pointed  and  continued  into  a 
tube  which  passed  upward  and  was  attached  to  the  left  kidney,  higher 
than  the  hilus ;  this  sac,  on  being  opened,  was  found  to  contain  clear 
urine,  the  walls  of  the  sac  were  thin,  into  its  base  the  right  and  left 
ureters  entered.  These  two  sacs,  which  represented  the  vagina  and 
bladder,  were  almost  entirely  situated  in  the  false  pelvis  and  lower 
part  of  abdomen,  the  bladder  being  quite  posterior.  The  left  kidney 
measured  If  inches  in  length  and  ^  of  an  inch  across,  was  wholly 
composed  of  cysts,  and  from  it  two  tubes  passed  to  the  bladder,  one 
the  ureter,  which  was  attached  at  the  hilus,  the  other,  attached  above 
the  hilus  and  ending  in  the  apex  of  bladder  as  before  mentioned. 
The  right  kidney  was  very  small,  also  cystic ;  it  measured  ^  of  an 
inch  in  length  and  J  of  an  inch  in  width ;  the  kidneys  were  in  the 
normal  positions,  except  that  the  right  ureter  being  short,  the  corre- 
sponding kidney  was  somewhat  lower  down  than  usual.  Fig.  2 
shows  the  relative  positions  of  the  internal  parts. 

On  examining  the  pelvis  the  symphysis  pubis  was  found  continued 
downward  and  backward  to  the  posterior  part  of  the  tubera  ischia ; 
the  rami  of  ischia  and  pubes  being  close  together  and  held  in  apposi- 
tion by  fibrous  tissue,  so  that  there  was  slight  mobility ;  the  only 
outlet  to  pelvis  was  behind  this  and  in  front  of  sacrum,  a  space  only 
large  enough  to  admit  the  tip  of  the  little  finger ;  the  two  internal 
obturator  muscles  covered  the  cartilages  and  formed  the  fioor  of  pelvis. 
At  the  umbilicus  only  one  hypogastric  artery  was  found  and  no 
urachus. 


Fig.  1. 

Fig.  1. — ^The  external  appearance  of  perinseum  of  foetus,  legs  acutely 
flexed  on  the  abdomen. 
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Fio.  2. — The  relative  position  of  genito-urinary  organs;  B.K.,  LbK.^ 
right  and  left  kidney;  B.,  bladder  ending  above  in  a  fine  tube  attached 
to  upper  part  of  left  kidney;  V.,  closed  vaginal  sac;  B.L.,  B.L.,  broad 


o.c. 


J-ig.  2. 

ligaments  with  halves  of  uterus  internally  and  Fallopian  tubes  and 
ovaries  in  outer  part ;  D.C.,  descending  colon  ending  in  large  closed 
pouch ;  R.L.,  round  ligaments  of  uterus. 


ON  AN  ANOMALOUS  MUSCLE  IN  THE  FRONT  OF  THE 
NECK  IN  A  HUMAN  SUBJECT— A  STERNO-PETROSO- 
PHARYNGEUS.  By  G.  E.  Rbnnie,  B.A.  (Sydney),  Student 
of  Medicine,  Universitp  Oollege,  London, 

This  peculiar  muscle  was  met  with  in  the  course  of  a  dissection  of  the 
anterior  triangle  of  the  neck,  in  a  well-developed  muscular  male  subject, 
which  was  brought  into  the  dissecting  room  of  University  College, 
London,  during  the  month  of  October  1884;  and  acting  upon  the 
suggestion  of  Professor  Thane,  I  have  prepared  the  following  account 
of  it  for  publication : — 
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The  muscle  took  its  origin  from  the  anterior  surface  of  the  manu- 
brium, immediately  internal  to  the  sternal  head  of  the  right  stemo- 
mastoid,  by  a  thin  flat  tendon,  nearly  half  an  inch  wide,  and  about 
half  an  inch  long,  extending  higher  on  the  posterior  than  on  the 
anterior  aspect  of  the  muscle.  The  tendon  gave  rise  to  muscular 
fibres  which  formed  a  somewhat  rounded  bundle,  some  two  or  three 
lines  in  diameter.  The  muscle  then  passed  up  the  right  side  of  the 
neck,  superficial  to  the  stemo-hyoid,  stemo-thyroid,  and  omo-hyoid 
muscles,  then  over  the  hypoglossal  nerve,  and  then  passing  between 
the  internal  and  external  carotid  arteries,  disappeared  beneath  the 
digastric  and  stylo-hyoid  muscles.  On  being  traced  subsequently  to 
its  termination,  the  muscle  was  seen  to  split  up,  at  about  two  inches 
from  its  insertion,  into  three  sets  of  fibres,  the  disposition  of  which 
was  as  follows : — (1)  One  set  of  fibres  passed  directly  upwards,  and 
was  inserted  into  the  vaginal  process  of  the  temporal  bone,  the  inner 
fibres  of  insertion  being  in  immediate  contact  with  those  of  origin  of 
the  levator  palatL  (2)  Another  smaller  set^  turned  slightly  inwardJs,  and 
passing  beneath  the  lower  border  of  the  superior  constructor,  blended 
with  the  pharyngeal  aponeurosis,  under  cover  of  that  muscle.  (3)  A 
third  set,  much  shorter  than  the  preceding,  turned  a  little  outward 
and  forward,  and  blended  with  the  lower  fibres  of  the  superior 
constrictor  muscle  of  the  pharynx. 

The  muscle  was  completely  surrounded  by  the  deep  cervical  fascia, 
as  that  structure  passed  forwards  from  the  anterior  border  of  the 
stemo-mastoid,  and  had  the  following  relations  to  surrounding 
structures : — 

(a)  To  Mtisdes. — ^It  rested  upon  the  stemo-hyoid,  sterno-thyroid, 
and  anterior  belly  of  omo-hyoid ;  then  upon  the  middle  constrictor  of 
the  pharynx.  It  was  crossed  by  the  posterior  belly  of  the  digastric 
and  the  stylo-hyoid,  and  higher  up  by  the  stylo-pharyngeus ;  and  in 
this  case  by  an  accessory  slip  from  that  muscle  to  the  great  comur  of 
the  hyoid  bone.  To  its  outer  border,  for  about  half  its  length,  and  at 
a. distance  of  half  an  inch  from  it,  was  the  stemo-mastoid. 

(b)  To  Vessels, — It  was  crossed  superficially  at  its  lower.part  by  the 
anterior  jugular  vein,  and  higher  up  by  a  communicating  branch 
between  the  external  and  anterior  jugular  veins.  It  passed  over  the 
facial  vein,  and  then  sinking  inwards  between  the  two  carotid  arteries, 
lay  to  the  inner  side  of  the  external  carotid.  A  small  vein  from  the 
substance  of  the  muscle  entered  the  internal  jugular  vein. 

(c)  To  Nerves. — It  was  supplied  by  a  small  twig  from  the  glosso- 
pharyngeal nerve  which  entered  it  on  its  outer  surface.  The  muscle 
in  its  upward  course  crossed  over  the  branch  of  the  descendens  noni  to 
the  anterior  belly  of  the  omo-hyoid,  the  hypoglossal,  and  the  glosso- 
pharyngeal nerves. 

I  have  not  been  able  to  find  any  account  of  a  similar  muscle 
on  record.  Macalister,  in  Transactions  of  Royal  Irish  Academy ^ 
1871,  refers  to  one  case  in  which  a  slip  from  the  anterior  margin 
of  the  stemo-mastoid  was  inserted  into  the  tympanic  ring;  and 
this  is  the  only  record  I  can  find  of  an  insertion  of  any  part  of  the 
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stemo-mastoid  into  the  petrous  part  of  the  temporal  I  have  also 
consulted  Testut's  Avomalie  Museulaire,  G ruber's  AnatomiscJie  Notizen 
in  Virchovfs  Arc?nv,j  and  also  Meckel's  Vergleichende  AnatomiSy  but 
have  failed  to  gain  from  them  any  information  bearing  upon  this 
peculiar  abnormality. 

In  conclusion,  I  have  to  acknowledge  my  indebtedness  to  Professor 
Thane  for  kindly  advice,  and  for  lending  me  works  of  reference. 


NOTE  ON  A  CASE  OF  CONGENITAL  HYPERTROPHY  OF 
THE  LEG.  (Diffuse  Venous  Navus.)  By  Gilbert 
Barling,  M.B. 

The  specimen  which  I  had  the  opportunity  of  dissecting  was  the  left 
leg  of  a  man,  aged  fifty  years,  who  stated  that  at  his  birth  the  left  leg 
was  larger  round  than  the  right,  and  that  the  left  foot  was  deformed, 
but,  except  for  the  weight  of  the  limb,  he  had  not  suffered  much  in- 
convenience, and  had  until  recently  been  able  to  get  about  quite 
actively. 

I  had  no  opportunity  of  making  comparative  measurements  of  the 
two  legs,  bat,  roughly  speaking,  the  left  leg,  from  a  little  above  the 
knee  downwards,  was  about  three  times  the  size  of  the  right.  The 
enlargement  was  not  quite  uniform,  affecting  chiefly  the  posterior 
surface,  and  not  extending  further  on  the  foot  than  the  base  of  the 
metatarsus.     There  was  varicosity  of  the  smaller  skin  veins,  but  there 

was  no  ulceration  of  the  skin,  nor  had  there  been  any.  To  the  feel, 
the  soft  tissues  of  the  leg  gave  the  sensation  of  a  lipoma  with  many 
dense  fibrous  septa.  The  foot  was  in  a  condition  of  calcareo-valgus. 
When  the  skin  was  removed,  the  subcutaneous  tissue  was  found 
greatly  thickened,  partly  from  an  increase  of  fat,  but  mainly  from  an 
abundance  of  fibrous  tissue,  in  which  were  imbedded  a  large  number  of 
small,  thin- walled  and  tortuous  veins;  from  this  thick  layer,  septa  passed 
to  the  deep  parts  of  the  leg,  ensheathing  the  muscles,  &c.  The  posterior 
muscles  appeared  to  have  retained  their  shape  and  size,  but  the 
muscular  fibres  were  almost  replaced  by  fat,  without,  however,  any 
nsevus  condition.  The  tendo  Achillis  and  its  sheath  were  so  blended 
with  the  surrounding  fatty  and  fibrous  tissues  as  to  be  indistinguish- 
able from  them,  but  the  other  posterior  tendons  and  their  sheaths 
were  healthy,  except  that  the  sheaths  were  thickened  by  the  nsBVUS 
tissue. 

The  anterior  muscles,  though  small,  appeared  to  have  healthy  fibres, 
but  all  of  them,  except  the  tibialis  anticus,  were  shortened,  and  theii: 
sheaths  were  generally  thickened  with  nsBvus  tissue. 
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The  peroneus,  longufl,  and  brevis,  though  of  good  size,  had  under- 
gone fatty  change  to  a  considerable  extent,  and  they  were  shortened. 

On  division  of  the  tendons  of  the  extensor  longus  digitorum,  the 
extensor  proprius  pollicis,  and  all  three  peronei,  the  foot  was  easily 
brought  down  to  a  right  angle  with  the  leg,  but  there  still  remained  a 
considerable  amount  of  outward  rotation  of  the  anterior  part  of  the 
foot  at  the  transverse  tarsal  joint. 

The  posterior  tibial  vein  was  single  and  much  enlarged,  so  much  so 
as  to  admit  of  ones  little  finger  being  passed  into  it. 

The  principal  nerves  were  all  thickened,  but  the  posterior  tibial  was 
especlEtUy  so,  its  circumference  being  quite  as  great  as  that  of  an 
ordinary  sciatic  Microscopically,  this  enlargement  was  seen  to  be 
due  to  an  increase  of  the  epineurium  and  perineurium. 

The  bones  of  the  leg  were  fairly  developed  as  regards  size,  but  they 
were  deficient  in  weight,  and  their  surfaces  presented  numerous  irre- 
gular outgrowths,  such  as  are  sometimes  seen  at  the  insertion  of 
tendons  in  the  lower  extremity,  though  here  quite  independent  of 
those  attachments. 

The  bones  of  the  foot  were  in  marked  contrast  to  those  of  the  leg, 
being  small,  feeble,  and  much  distorted,  the  deformity  falling  chiefly 
upon  the  os  calcis,  which  was  hardly  recognisable,  as  it  was  mostly 
represented  by  a  thin  vertical  plate  supporting  a  small  horizontal  plate 
projecting  from  its  side. 


NOTE  ON  THE  MANDIBULAR  DENTITION  OF  THE 
SHREWS.    By  G.  E.  Dobson,  M.A.,  F.R.8. 

Thb  Shrews  (Soncidoe)  form  a  very  compact  family  of  Insectivora, 
the  species  of  which,  among  other  points  of  close  resemblance  one  to 
another,  are  believed  to  possess  the  remarkable  peculiarity  of  having, 
whatever  may  be  the  number  of  the  upper  teeth,  invariably  six  pairs 
of  mandibular  teeth,  of  which  the  first  on  each  side  is  considered  an 
incisor,  the  second  a  canine,  the  third  a  premolar,  and  the  remaining 
three  molar&  It  was,  therefore,  with  much  interest  that  I  lately  dis- 
covered a  rudimentary  seventh  pair  of  mandibular  teeth  in  the  other- 
wise also  remarkable  species  Myosorex  variits,  Smuts.,  of  South  Africa. 
The  very  small  additional  tooth  exists  (in  every  specimen  examined) 
on  each  side  between  the  second  and  third  teeth;  it  is  quite  invisible 
to  the  naked  eye,  but  may  be  readily  made  out>  by  the  aid  of  an 
ordinary  lens  lying  between  the  upper  surface  of  the  hinder  part  of  the 
base  of  the  second  tooth  and  the  under  surface  of  the  overlapping  fore 
part  of  the  base  of  the  third  tooth,  which  leave  its  small  extremity 
alone  uncovered.     The  direction  of  the  cusp  of  this  tooth  is  such  that. 
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if  produced,  it  would  come  in  front  of  the  first  maxillary  tooth,  and 
therefore  should,  according  to  the  system  of  dental  notation  now  in 
use,  he  considered  the  lower  canine,  whence  it  would  naturally  appear 
to  follow  that  no  lower  canine  exists  in  any  other  species  of  the 
family.  This  and  other  interesting  questions  connected  with  the 
dentition  of  the  Shrews  I  hope  to  deal  with  fully  in  Part  IIL  of  my 
Monograph  of  the  Insectivora,  which  will  be  ready  for  publication  in 
a  few  months. 


Ky.Z 


t\''^ 


"•'■' ir! 


Figr- 


rui  i 


C  A  R  A  P AX  . 


■Uunv.  ofJnaf.  liPli  \  s.  .Jan'lSi 


^"*^<:^ 


«^- 


GEOCOCCYX. 


■Jcani.  oi'Jnaf.if  Pkys.  Ja/i^JSgS.  Vol- XX.  PI. 'W. 


'r- 


\ 


.,. 


GEOCOCCYX. 


hurn/  of\AnaldFkp.,Jan^I886. 


Vol. XT  Fl.  IX. 


\ 


'\ 


Ft  Of.  77. 


^" 


V 


\ 


Fiff.  28. 


Ft^.IP. 


Fia.  20. 


Fi0.  ZI. 


Fiq.  22. 


■M^"^ 


.  > 


Fi^.2^. 


Fi^  26 


R  W  ShufeUt  \-\ 


fuijf.  2^. 


Y  Hulh,Ljt>''li,diii 


r  y.4,«* 


GEOCOCCYX. 


1 


^ 

s 


\         ^ 


V 


3fourttal  of  ^natom?  anti  3^{)^0iolog^. 


ACTION  OF  INFUSED  BEVERAGES  ON  PEPTIC 
DIGESTION.  By  James  W.  Fraseb,  M.D.,  CM.  E4, 
M.RC.S.  Eng. 

This  paper  is  a  continuation  of  that  which  appeared  in  the 
Journal  of  Anatomy  and  Physiology  (vol.  xviii.  p.  13  et  seq,), 
and  is  based  on  the  results  of  the  same  experiments,  the 
difference  being  that  the  amount  of  peptones  dialysed,  instead  of 
being  estimated  as  the  total  organic  matter,  as  was  done  in  that 
paper,  is  here  estimated  by  tiie  amount  of  organic  nitrogen. 
It  will  be  found  by  reference  to  the  earlier  paper  that,  after  the 
various  meats  had  been  digested  by  a  peptic  fluid  in  presence 
of  the  various  beverages,  a  measured  quantity  of  the  filtered 
solution  of  peptones  was  placed  in  a  Graham's  parchment  paper 
dialyser,  and  this  suspended  in  a  measured  quantity  of  distilled 
water  for  a  fixed  time.  The  dialysed  matters  in  solution  were 
then  evaporated  to  dryness  in  a  water  bath,  a  weighed  quantity 
of  conmion  salt  having  first  been  added  to  them  to  make  the 
residue  a  more  manageable  substance.  Many  of  these  residues 
had^been  preserved,  the  entire  quantity  not  having  been  used  in 
the  former  experiments,  and  it  was  on  these  that  the  experiments 
to  be  described  were  performed.  Some  of  the  residues  had  been 
entirely  used  or  destroyed,  and  hence,  in  comparing  the .  tables 
appended  to  this  paper  with  those  in  the  former  one,  gaps  will 
be  found. 

A  process  of  estimating  the  nitrogen,  sufficiently  accurate  to 
deal  with  the  small  quantities  available,  was  much  desired  from 
the  first,  but  it  was  only  after  many  experiments  that  the 
following  method  was  arranged  and  improved  until  it  was 
satisfactory : — 

VOL.  XX.  2  a 
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Small  Bohemian  glass  combustion  tubing,  about  ^inch  diameter, 
was  taken,  and  tubes  about  4  inches  long,  drawn  out  and  sealed  at 
one  end,  were  made  of  it.  Into  such  a  tube  about  1*5  gram,  of  the 
residue  was  weighed,  the  tube  itself  being  weighed  first  and  then 
again  after  the  substance  had  been  placed  in  it.  To  this  was  added 
four  or  five  times  its  bulk  of  powdered  recently  ignited  soda  lime,  and 
the  tube  was  plugged  with  a  small  piece  of  recently  ignited  asbestos. 
It  was  then  possible  by  shaking  or  lightly  knocking  the  tube  against 
a  table  to  thoroughly  mix  its  contents,  without  the  smallest  possibility 
of  losing  any  part  of  them.  The  mixed  matters  should  only  about 
two-thirds  fill  the  tube,  and  when  mixed  the  asbestos  should  be 
pressed  down  the  tube  until  it  touches  the  surface  of  its  contents, 
and,  if  necessary,  the  plug  should  be  pierced  with  a  coarse  needle  to 
prevent  undue  pressure  behind  it  during  the  combustion,  which  would 
burst  the  tube. 

The  ammonia  given  off  in  the  combustion  was  so  small  in  quantity 
that  no  alkalimetric  process  was  sufficiently  accurate  to  estimate  the 
differences  between  that  derived  from  various  £amples.  A  modified 
Nessler  process  of  estimating  the  ammonia  was  therefore  employed, 
and  the  apparatus  used  and  the  method  followed  were  the  following : — 

The  combustion  tube  was  united  by  a  short  piece  of  india-rubber 
tube  to  a  right-angled  glass  tube.  This  was  passed  through  one  hole 
in  an  india-rubber  stopper  of  size  suitable  to  fit  in  one  of  the  ordinary 
Nessler  test  glasses.  The  other  hole  in  the  stopper  was  occupied  by  a 
large  glass  tube  drawn  out  below  to  fit  the  hole  in  the  stopper,  and 
having  its  upper  part  filled  with  broken  glass.  The  Nessler  test  glass 
was  filled  up  to  the  50  cc.  mark  with  distilled  water,  and  the  stopper 
having  been  inserted,  1  cc.  of  the  normal  volumetric  solution  of 
sulphuric  acid  was  poured  over  the  broken  glass  in  the  tube  above 
mentioned.  As  the  apparatus  behind  this  tube  was  air-tight,  the  acid 
was  retained  in  the  tube.  Before  heating  the  combustion  tube  the 
india-rubber  connection  between  it  and  the  right-angled  tube  was  pro- 
tected from  the  effects  of  the  heat  by  wrapping  a  narrow  piece  of  wet 
linen  round  it  The  upper  end  of  the  large  tube  containing  the 
broken  glass  and  sulphuric  acid  was  connected  to  a  Bunsen  filtering 
pump,  which  caused  a  negative  pressure  of  about  4  inches  of  mercury 
to  be  kept  up  in  the  whole  apparatus,  and  at  once  showed  if  any 
leakage  had  occurred,  and  prevented  any  loss  of  ammonia  through  the 
leakage.  The  apparatus  having  been  thus  arranged,  heat  waa  applied 
to  the  combustion  tube,  and  continued  untQ  the  whole  tube  was  red- 
hot  and  the  water  began  to  rise  in  the  right^mgled  leading  tube 
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through  absorption  of  the  ammonia.  Then  a  clamp  was  placed  on  the 
tube  leading  to  the  filter  pump,  and  the  end  of  the  combustion  tube 
was  broken  off  with  wet  crucible  tongs,  when  the  negative  pressure 
existing  in  the  Nessler  tube  caused  a  rush  of  air  through  the  com- 
bustion tube,  sweeping  the  last  traces  of  ammonia  with  it  into  the 
water.  The  combustion  tube  was  then  broken  off  with  the  wet  tongs, 
between  the  asbestos  plug  and  the  india-rubber  connection,  and  a 
current  of  air  aspirated  through  the  apparatus  by  the  filter  pump  to 
carry  any  traces  of  ammonia,  not  caught  by  the  water,  into  the  broken- 
glass  tube,  there  to  be  fixed  by  the  sulphuric  acid.  The  substances 
operated  on  not  being  quite  dry,  a  few  drops  of  condensed  moisture 
were  usually  found  in  the  horizontal  arm  of  the  leading  tube,  and 
were  washed  down  into  the  Nessler  glass  with  a  little  distilled  water. 
The  broken-glass  tube,  the  under  surface  of  the  india-rubber  stopper, 
the  leading  tube,  and  the  walls  of  the  Nessler  glass,  were  then  washed 
with  distilled  water,  and  the  washings,  mixed  with  the  original  50  c.c. 
of  water,  were  made  up  to  100  c.c.  In  the  greater  number  of  these 
experiments  the  solution  thus  obtained,  though  too  weak  for  alkali- 
metric  estimation,  was  too  strong  to  estimate  by  Nessler's  process,  the 
colour  given  being  too  dark  for  small  variations  to  be  easily  appreciated. 
Therefore  25  c.c  were  measured  out,  with  a  pipette  washed  with  the 
solution,  into  another  Nessler  glass,  and  this  having  been  made  up  to 
100  cc.  with  distilled  water,  was  Nesslerised,  and  the  amount  of 
ammonia  estimated  in  the  usual  manner. 

The  process  of  digestion  was  described  in  the  earlier  paper,  and 
the  only  reference  to  it  required  here  is  to  notice  that,  when  the  75  cc. 
of  mixed  digestive  fluid  and  beverage  contaizdng  peptones  in  solution 
had  been  filtered,  25  cc,  or  one-third  of  the  solution,  was  used  for 
dialysis.  The  mixture  of  salt  and  dialysed  matters  obtained  by  the 
evaporation  mentioned  above  was  weighed,  and  its  weight  was  called 
T.  The  weight  of  the  quantity  of  the  mixed  substances  taken  for 
combustion  was  called  a,  and  the  amount  of  ammonia  found  p, 

Txa  .     •     fn         J    3J? X  a  •     •      .i 

Then  — 5~=   ammoma  m  T,  and   — -q-—  ammonia  in  the  whole 
P  P 

of  the  76  cc.  of  liquid,  and  — jg-  ^  fy  =  nitrogen  in  the  same  amount 

of  liquid,  and  by  this  formula  the  calculations  of  the  experiments 
were  worked  out.  When,  as  described  above,  one-fourth  of  the 
solution  of  ammonia  alone  was  Nesslerised,  fi  was  of  course  obtained 
by  multiplying  the  amount  of  ammonia  found  by  4. 

The  objeot  o(  thus  re-testlng  the  results  of  former  experiments 
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was  twofold — firstly,  to  put  the  conclusions  drawn  from  the 
total  organic  solid  estimations  to  the  proof,  and  secondly,* to 
form  a  Unk  between  those  experiments  and  a  new  series  now  in 
course  of  performance,  and  for  which  the  old  process  was  found 
unsuitable. 

The  conclusions  drawn  from  the  experiments  on  which  the 
first  paper  is  founded  may  be  summarised  here,  it  being  premised 
that  they  must  be  taken  as  applying  to  experiments  performed 
under  the  conditions  stated  in  that  paper,  viz.,  invariable  amounts 
of  meat,  digestive  fluid,  and  beverage,  and  invariable  temperature 
and  time  of  digestion ;  and  that  all  actions  on  vital  processes  of 
secretion,  movement,  &c.,  are  eliminated.  The  conclusions,  as 
stated  in  the  former  paper,  were  the  following : — 

''(1)  All  infused  beverages  retard  the  peptic  digestion  of  albu- 
tnenoid  food-stuffs,  with  the  four  exceptions  mentioned  above,  viz., 
ham  and  white  of  egg  with  coffee,  and  fish  with  cocoatina  and  with 
cocoa. 

''  (2)  The  digestion  of  the  meats  ordinarily  used  at  breakfast,  viz^, 
ham,  egg,  and  salt  beef,  is  less  retarded  by  the  action  of  tea  or  coffee 
than  that  of  other  meats,  and  the  same  ia  true  of  roast  beef ;  with 
cocoatina  a  somewhat  similar  grouping  occurs,  but  with  regard  to  the 
other  beverages  of  the  cocoa  class  no  such  division  into  a  group  of 
breakfast  meats,  and  a  group  of  those  less  suitable  for  breakfast  use, 
has  been  observed. 

"  (3)  That  this  retarding  action  ia  less  as  a  rule  with  coffee  than 
with  tea,  and  less  with  either  than  with  the  beverages  of  the  cocoa 
order. 

"  (4)  That  the  retardation  is  caused  (a)  in  the  case  of  '  teas,'  by  the 
tannic  acid  assisted  by  the  volatile  oil,  the  former  precipitating  the 
imcoagulated  albumenoids  of  the  food,  and  the  syntonin  and  peptones 
as  formed,  tanning  the  gelatinous  constituents  of  the  meats,  and 
removing  some  of  the  pepsin  by  entangling  it  with  these  precipitates, 
and  the  latter  retarding  the  action  of  the  pepsin.  The  alkaloid  of  tea 
appears  to  assist  digestion,  but  its  action  is  masked  by  that  of  the 
tannic  acid  and  volatile  oiL  (b)  In  the  case  of  '  coffee,'  the  caffeo- 
tannic  acid  and  volatile  oil  retard  digestion,  and  the  alkaloid  assists  it; 
and,  therefore,  in  the  cases  where  this  beverage  assists  digestion,  the 
alkaloid  must  be  the  active  agent  in  producing  the  result,  and  in  the 
cases  where  digestion  is  retarded,  the  caffeo-tannic  acid  and  the  volatile 
oiL     (c)  In  the  case  of  the  cocoas,  the  tannic  acid,  volatile  oil,  and 
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alkaloid  all  assist  in  retarding  digestion,  but  under  the  conditions  of 
tlj^  Standard  Process,  the  clogging  action  of  the  suspended  matters  is 
the  most  potent  factor. 

"  (5)  In  retarding  the  consumption  of  acid  during  digestion  tea  has 
the  greatest  effect,  coffee  has  no  more  effect  than  water,  and  cocoa 
increases  the  cousumption. 

"  (6)  Coffee  and  cocoa  cause  the  peptic  digestion  of  albumenoids  to 
pass  on  through  the  stage  of  peptones  to  the  formation  of  leucine  and 
tyrosine. 

^  (7)  Tea  acts  on  the  digestion  of  fresh  meat  ao  as  to  increase  the 
production  of  flatus,  but  has  no  such  effect  with  salt  meat,  and  coffee 
has  no  more  effect  than  water. 

^*  (8)  The  addition  of  cream  and  sugar  to  the  beverages  reduces  the 
retarding  action  of  tea  on  digestion,  but  increases  that  of  cocoa ;  and 
coffee  appears  to  have  its  action  reversed  by  these  additions,  but  this 
result  is  doubtful." 

Experiments  had  been  performed  (1)  on  the  digestion  of  beverages 
alone,  these  being  known  as  "  Factor  "  experiments,  because  the  result 
obtained  had  to  be  subtracted  from  the  result  of  the  digestion  of  each 
meat  in  presence  of  that  beverage ;  (2)  on  the  digestion  of  meats  in 
presence  of  the  beverages  called,  for  the  sake  of  a  name,  *'  Peptone " 
experiments ;  (3)  "  Time "  experiments,  in  which  the  time  taken  for 
complete  solution  of  a  given  quantity  of  white  of  egg  was  the  variable 
on  which  the  conclusions  were  based ;  and  (4)  experiments  to  ascertain 
the  causes  of  the  effects,  noted  under  the  second  and  third  heads.  Of 
the  first  class,  fifteen  experiments  were  performed,  but  only  in  nine  of 
these  had  the  mixture  of  salt  and  peptones  been  preserved ;  tea  and 
cocoatina  being  among  the  absentees,  new  experiments,  but  made  by 
exactly  the  old  process,  were  performed,  and  therefore  eleven  results 
are  presented  in  Table  B. 

Of  the  second  class,  fifty-seven  experiments  had  been  performed, 
but  of  these  the  residues  had  only  been  preserved  in  thirty-five  cases, 
and  no  new  ones  were  prepared.  Of  the  third  class  naturally  there 
was  no  residue  to  preserve,  and  of  the  fourth  class,  forty  experiments 
had  been  performed,  but  only  sixteen  residues  were  preserved,  and  no 
now  ones  were  prepared. 

Of  the  above  quoted  conclusions  the  first,  second,  and  third  were 
re-tested  in  these  new  experiments.  Some  of  the  conclusions  under 
the  fourth  head  were  also  examined,  while  those  under  the  fifth, 
sixth,  and  seventh  heads  were  not  meddled  with.  The  eighth  set  of 
conclusions  were  also  examined. 
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Turning  now  to  these  new  experiments,  Table  B  (Appendix, 
page  381)  is  the  first  to  be  noted,  and  consists  of  three  columns, 
A,  B,  and  C.  Column  A  contains  the  '*  Factors  "  obtained  from 
the  digestion  of  25  c.c.  of  each  beverage,  with  50  c.c.  of  diges- 
tive fluid,  the  results  being  estimated  by  the  old  process ;  column 
B  contains  the  factors  expressed  as  the  weight  of  nitrogen 
derived  from  the  dialysable  organic  matter;  and  column  C 
shows  what  percentage  of  this  dialysable  organic  matter  consists 
of  nitrogen. 

The  figures  in  A  and  B  will  be  found,  as  a  rule,  confirmatory 
of  one  another.     It  is  true  that  three  teas,  Chinese,  Indian,  and 
green,  appear  to  give  too  small  results  as  compared  with  the 
mixed  tea,  but  in  most  of  the  others  the  mutual  relations  be- 
tween various  sets  of  figures  is  maintained  in  the  two  columns. 
In  all  cases  more  nitrogen  is  found  where  the  beverages  have 
been  digested  than  where  the  digestive  fluid  has  only  had  water 
added  to  it,  a  result  naturally  depending  on  the  highly  nitro- 
genised  nature  of  their  alkaloids,  which  more  than  compensates 
for  any  loss  of  nitrogenous  matter  from  the  digestive  fluid,  by 
precipitation  of  albumenoids  by  the  tannic  acid  or  its  homologue 
of  the  beverages,  or  by  delay  produced  in  digestion  by  their  action. 
Turning  to  the  percentage  of  nitrogen  found  in  the  dialysed 
matter,  this  is  found  in  the  cases  of  six  beverages  to  fall  below 
that  when  water  is  used  as  the  beverage,  viz.,  Chinese,  Indian, 
and  green  tea,  coflee  with  chicory,  cocoatina,  and  cocoa.    In  the 
case  of  the  three  last  the  explanation  is  simple,  the  sugar, 
dialysed  with  the  peptones,  being  free  from  nitrogen,  naturally 
reduces  the  percentage  of  the  latter  in  the  total  organic  solids. 
And  this  is  an  argument  in  favour  of  the  nitrogen  process  in  the 
estimation  of  peptones,  which  are  thus  dissociated  from  all  non- 
nitrogenised  admixture.     In  the  case  of  the  three  teas,  however, 
this  want  of  uniformity  in  their  percentages  of  nitrogen  is  un- 
explained by  any  reason  which  does  not  apply  to  other  teas  in 
which  the  ratio  is  much  higher,  and  this  adds  to  the  suspicion 
with  which  these  three  factors  must  be  regarded. 

Infusing  tea  with  alkaline  water  is  seen  to  extract  a  rather 
larger  quantity  of  nitrogenous  matter  than  when  plain  water  is 
used  for  infusing  the  beverage,  but  the  percentage  of  nitrogen  is 
lower,  showing  that  more  hydro- carbonaceous  matter  (probably 
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tannic  acid  uniting  with  the  Boda)  is  extracted  in  proportion. 
The  nitrogen  percentages  of  mixed  tea  and  of  cocoa  nibs  are 
both  high,  showing  that  these  infusions,  when  properly  made, 
contain  much  alkaloid  and  little  non-nitrogenised  matter.  The 
percentage  of  nitrogen  in  the  case  of  coffee  is  much  higher  than 
when  chicory  is  added  to  it,  this,  of  course,  depending  on  the 
sugar  contained  in  the  latter. 

The  largeness  of  these  "  factors  **  and  their  differences  among 
themselves  show  the  necessity  of  subtracting  them  from  the 
amounts  obtained,  when  meats  are  digested  in  presence  of  the 
beverages,  in  order  that  serious  errors  may  be  avoided.  Leaving 
now  the  factors,  and  turning  our  attention  to  the  second  series 
of  experiments,  in  which  5  gram,  of  meat  were  digested  by 
50  ac,  of  digestive  fluid,  in  the  presence  of  25  c.c.  of  each  of 
the  beverages ;  the  results  of  these  experiments  are  embodied  in 
Tables  D  to  G  inclusiva  Table  I>  consists  of  the  results 
obtained  by  the  estimation  of  the  peptones,  obtained  by  the 
dialysis  of  the  products  of  digestion,  as  organic  matter ;  while 
Table  D^  is  comparable  with  it,  and  contains  the  results  of  their 
estimation  by  the  amount  of  nitrogen  they  contain,  and  Table  Dg 
shows  the  ratio  between  the  two  sets  of  figures  thus  obtained, 
i.e.y  the  percentage  of  nitrogen  contained  in  the  dialysable 
matters.  Table  £,  extracted  like  Table  D  from  the  former 
paper,  shows  the  percentage  digestive  power  of  each  mixture  of 
beverage  and  peptic  fluid,  that  of  water  and  digestive  fluid  being 
taken  as  100,  and  the  figures  therein  contained  were  obtained 
by  multiplying  the  result  for  each  beverage  by  100,  and  dividing 
by  the  result  for  that  meat  digested  in  presence  of  water.  It  is 
evident  that  if  at  the  end  of  the  experiment  some  meat  was  left 
undigested,  these  figures  will  give  the  percentage  digestive 
powers  of  the  various  mixtures.  Table  E^  is  one  similarly  ob- 
tained from  the  nitrogen  estimations. 

Some  irregular  results  in  these  experiments  were  noted  in  the 
former  paper,  and  axe  to  be  found  in  Table  D. 

These  consisted  of  the  two  minus  results— «gg  digested  in 
presence  of  chocolate,  and  bread  in  presence  of  the  same  bever- 
agcr— but,  as  these  two  residues  were  not  among  the  number 
preserved,  they  do  not  appear  in  Table  D^ ,  and  call  for  no  notice 
here.    The  other  irregular  results  were  four  in  number,  and 
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were  more  noticeable  in  Table  E,  where  four  figures,  egg  in 
presence  of  coffee,  ham  in  presence  of  coffee,  and  iish  in  presence 
of  cocoatina  and  of  cocoa,  were  found  above  100  per  cent.  The 
residues  of  the  ham  experiments  are  not  among  those  preserved, 
nor  is  that  of  fish  in  presence  of  cocoatina.  Therefore,  the  only- 
two  to  notice  are  (1)  that  of  egg  in  presence  of  coffee,  which 
receives  remarkable  confirmation  from  these  new  experiments.^ 
This  result  will  be  seen  to  have  been  further  confirmed  by  the 
"  Time  "  experiments  above  referred  to ;  and  the  new  series  of 
experiments,  of  which  mention  has  been  made  as  now  progress- 
ing, also  have  the  same  result.  Also,  it  was  noted  by  Herzen 
{Bews  MMiccUe  de  la  Suisse  romande,  Janvier  1884)  that,  in  a 
case  of  gastric  fistula  in  a  man  named  Band,  on  whom  he  made 
various  experiments,  cnii  noir  assisted  the  digestion  of  albumen, 
though  he  says  tea  is  without  action ;  a  result  not  in  consonance 
with  the  experiments  here  detailed.  (2)  The  other  irregular 
result,  fish  in  presence  of  cocoa,  is  not  confirmed  by  these  new 
experiments,  which  make  it  appear  that  cocoa  delays,  not  assists, 
the  digestion  of  fish.  It  was  said  that  the  result  making  it 
appear  to  assist  the  digestion  of  fish  was  probably  fallacious,  and 
these  new  estimations  confirm  that  view. 

But  in  Table  E^  five  more  irregular  results  appear^  which  were 
regular  in  Table  E,  viz.,  roast  beef  in  presence  of  tea,  cocoatina, 
and  cocoa,  fowl  in  presence  of  coffee,  and  bread  in  presence  of 
cocoa.  As  to  the  first  four,  nothing  can  be  said  except  that, 
possibly  the  residues  not  being  thoroughly  dry,  and  having  been 
preserved  nearly  three  years  in  tubes  corked  securely  but  only 
with  ordinary  corks,  some  loss  of  water  may  have  taken  place, 
and  thus  have  caused  the  rise  in  the  amount  of  nitrogen.  The 
results  in  the  case  of  beef  were  large  in  the  former  experiments, 
but  kept  below  the  100  per  cent.  In  the  case  of  bread  digested 
in  presence  of  cocoa  the  error  is  enormous — so  great  as  to  bring 
the  percentage  digestive  power  of  that  mixture  up  to  464*0  per 
cent.,  a  result  perfectly  impossible.  The  explanation  is  found  in 
the  note  appended  in  Table  D  to  this  experiment,  which  note, 
though  only  attached  to  the  cases  of  chocolate  and  coffee,  really 
applies  more  or  less  to  all  the  bread  experiments,  and  which  states 
that,  in  the  evaporation  of  the  residues  some  charring  occurred. 

1  See  Table  Ej. 
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Thi8  charriog  would  naturally  drive  off  much  nitrogen,  and  leave 
a  proportionately  large  percentage  of  carbon  in  the  residue.  Now 
the  bread-cocoa  experiment  was  the  least  affected  by  the  char- 
ring, and  hence  contained  most  nitrogen  ;  while  the  nitrogen  in 
the  other  cases  being  reduced  to  a  very  small  amount,  the  large 
result  in  the  case  of  the  least  harmed  specimen  naturally 
followed.  This  result,,  from  its  obvious  falsity,  is  left  out  in 
calculating  the  average  digestive  power  of  a  mixture  of  cocoa 
and  digestive  fluid.  Again,  though  no  more  experiments  show 
such  obvious  irregularities,  yet,  on  comparing  Table  E  and  Ei, 
the  percentages  in  several  cases  are  found  to  differ  widely  in  the 
two  tables,  though  the  conclusions  to  be  drawn  from  the  results 
would  be  similar  in  both ;  that  is  to  say,  the  results  agree  in 
direction,  but  differ  in  degree.  Some  of  these  differences  are 
probably  improvements  in  the  nitrogen  estimation,  on  the  results 
obtained  by  estimating  the  total  organic  solids.  Thus  the  result  tea 
with  soda  in  the  Table  E  gave  a  high  percentage  digestive  power 
to  the  mixture  of  this  beverage  and  digestive  fluid — a  result  for 
which  no  reason  could  be  given,  and  which  is  in  all  probability 
properly  altered  in  Table  Ei.  Egg  digested  in  presence  of 
ordinary  mixed  tea  is  also  considerably  altered  in  position^  in 
the  direction  of  reducing  the  percentage  digestive  power  of  the 
mixture  of  beverage  and  peptic  fluid.  Again,  the  smaller  per- 
centage in  Table  E^  than  in  Table  E  in  the  case  oE  bread-coffee 
has  already  been  explained.  The  other  differences  between 
Tables  E  and  E^  are  not  very  enormous,  and  in  all  respects, 
except  in  the  above  noted  cases,  the  two  tables  may  be  taken  as 
confirming  one  another.  Table  D2  shows  the  relation  between 
the  total  organic  solid  experiments  and  the  nitrogen  experi- 
ments expressed  as  the  percentage  of  nitrogen  present  in  the 
organic  matter.  This  table  shows  a  set  of  figures  acting  as  a 
sort  of  check  on  the  others,  for  it  cannot  be  conceived  that  any 
action  of  the  beverage  can  split  up  the  nitrogenous  matters  of 
the  meats  so  as  to  'cause  more  or  less  of  the  nitrogen  to  pass 
through  the  dialysis  paper.  Therefore,  when  any  great  varia- 
tion in  the  percentage  of  nitrogen  is  found  from  that  found 
when  water  is  the  beverage,  error  may  be  assumed  to  have 
occurred  either  in  estimating  the  nitrogen  or  the  organic  matter 
in  the  beverage  residue  or  in  the  water  residue.    Such  very 
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irregular  perceDtages  are  found  chiefly  in  the  experiments  which 
have  been  discussed  above,  such  as  the  case  of  bread-cocoa, 
where  the  percentage  of  nitrogen  is  stated  to  be  28*8,  while  in 
the  case  of  bread-water  it  is  only  4*64.  Again,  egg-water,  the 
percentage  is  16*57,  while  egg-mixed  tea  gives  a  percentage  of 
only  9*65,  showing  that  in  all  probability  the  amount  of  organic 
matter  in  this  case  was  stated  too  high,  owing  to  accidents  the 
nature  of  which  was  discussed  in  the  former  paper.  However, 
in  all  the  more  reliable  results  the  nitrogen  percentage  keeps 
within  limits  of  variation  quite  compatible  with  a  fair  degree  of 
accuracy  in  both  determinations. 

Examining  next  the  average  results  for  digestion  in  presence 
of  the  five  principal  beverages,  which  results  are  found  in  Tables 
E  and  E^  it  is  found  that  by  the  total  organic  solids  process  the 
beverages  in  order  of  action  on  digestion  ran  thus: — ^Water, 
100 ;  cocoatina,  89*96 ;  tea,  89*06 ;  coffee,  88*79 ;  Epps'  cocoa, 
76*05.  In  the  organic  nitrogen  experiments  the  order  is 
rather  different,  being — Water,  100 ;  coffee,  87*32 ;  cocoatina, 
87*03;  tea,  85-35;  cocoa,  80*71.  Coffee  heads  the  list  of 
infused  beverages,  and  cocoatina  and  tea  each  go  down  one 
place.  But  if  the  same  experiments  are  selected  in  both  pro- 
cesses for  drawing  the  average,  several  experiments  with  each 
beverage  will  have  to  be  left  out  in  the  total  organic  solids 
experiments,  and  the  averages  under  this  head  will  now  stand — 
Water,  100 ;  tea,  92*06  ;  coffee,  87*56 ;  cocoatina,  81*68 ;  and 
cocoa,  75*8.  Cocoa  stands  lowest  in  all  three;  but  while  cocoa- 
tina heads  the  list  of  averages  in  the  first  set,  it  sinks  to  the 
second  place  in  the  nitrogen  experiments,  and  to  the  third  in 
the  last  set  of  averages.  Coffee  heads  the  list  in  the  nitrogen 
averages,  is  second  in  the  last  list,  and  third  in  the  first  list 
Now,  as  was  remarked  in  the  former  paper,  cocoatina  headed 
the  list  of  averages  owing  to  the  persistently  moderate  results 
it  gave ;  while  tea  and  coffee,  though  they  had  various  very  high 
results,  were  brought  down  by  others  which  were  very  low. 
Now  it  happens  in  the  case  of  tea  that  those  residues  which 
were  preserved  were  chiefly  those  giving  high  results ;  and  hence 
in  the  nitrogen  averages  and  the  total  organic  solid  average  of 
the  same  experiments,  tea  takes  a  higher  place.  Coffee  in  this 
latter  set  of  averages  is  reduced  to  the  third  place,  because  some 
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of  its  highest  results,  ham,  salt  beef,  and  fish  have  to  be  omitted, 
and  it  is  brooght  to  the  head  of  the  Ditrogen  averages  by  the 
irregular  result  with  roast  fowl  The  less  important  beverages 
take  the  following  order  in  the  total  organic  solids  experiments — 
Tea  with  soda,  97 ;  cocoa  nibs,  78*8 ;  Chinese  tea,  72*8 ;  coffee 
with  chicory,  62*9 ;  green  tea,  61*6 ;  and  Indian  tea,  45*4.  In 
the  nitrogen  experiments  the  order  is — Chinese  tea,  74*27; 
coffee  with  chicory,  69*35 ;  cocoa  nibs,  66*69 ;  green  tea,  66*14 ; 
Indian  tea  and  tea  with  soda,  62*98.  Tea  with  soda  has  in  the 
nitrogen  experiments  to  leave  the  head  of  the  list  and  join 
Indian  tea  at  the  foot,  while  cocoa  nibs  infusion  has  to  yield 
two  places.  The  rest  of  the  beverages  follow  the  same  order  in 
both  sets. 

Examining  individual  results  in  the  cases  of  the  principal 
beverages,  it  was  found  in  the  former  paper  that  the  meats 
grouped  themselves,  as  regards  the  effect  of  the  beverages  on 
their  digestion,  into  a  set  less  injuriously  affected,  called  break- 
fast meats,  and  a  set  more  injuriously  affected.  In  the  case  of 
tea,  the  less  affected  meats  were — roast  beef,  96*4  per  cent. ;  salt 
beef,  94*8  per  cent.;  ham,  95*98  per  cent.;  and  white  of  egg. 
91*7  per  cent. ;  and  the  more  affected — fowl,  66*73  per  cent. ; 
lamb,  88*4  per  cent. ;  fish,  88*26  per  cent. ;  and  bread,  89*23  per 
cent  In  the  nitrogen  experiments  the  higher  set  contains — 
roast  beef,  125*71  per  cent.;  salt  beef,  84*24  per  cent.;  and 
bread,  89*68  per  cent;  and  the  lower — fish,  72*35  per  cent; 
and  egg,  54*8  per  cent ;  while  lamb,  ham,  and  fowl  are  wanting. 
Here  roast  beef  and  salt  beef  on  the  one  hand,  and  fish  on  the 
other,  remain  in  the  same  sets  in  both  estimations^  while  egg 
and  bread  have  changed  places.  But  bread  is  in  both  cases  a 
doubtful  experiment,  especially  in  the  nitrogen  estimations,  for 
reasons  above  alluded  to. 

For  coffee  the  total  organic  solid  results  gave  a  higher  division, 
consisting  of — egg,  106*45  per  cent ;  ham,  100*44  per  cent ;  roast 
beef,  98*8  per  cent;  fish,  96*33  per  cent;  and  salt  beef,  93*4 
per  cent;  and  a  lower — bread,  58*27  per  cent;  lamb,  69*95 
per  cent ;  and  fowl,  86*74  per  cent  The  nitrogen  results 
are,  in  the  higher  set — egg,  109*1  per  cent.;  roast  beef,  97*18 
per  cent. ;  and  fowl,  104*74  per  cent. ;  and  the  lower  set  only 
contains  the  suspicious  bread,  38*28  per  cent,  here  agreeing  with 
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the  organic  solid  result;  salt  beef,  lamb,  ham,  and  fish  are 
wanting,  and  fowl  has  passed  from  the  lower  into  the  higher  set. 
With  cocoatina  the  division  into  two  classes  is  less  evident,  the 
higher  class  containing,  in  the  former  experiments — ^fish,  139*77 
per  cent. ;  egg,  85*25  per  cent. ;  roast  beef,  88*09  .per  cent. ;  salt 
beef,  86*88  per  cent. ;  ham,  88*96  per  cent ;  and  bread,  87*22 
per  cent.;  and  the  lower — lamb,  7704  per  cent.;  and  fowl, 
66*52  per  cent  In  the  nitrogen  experiments  the  higher  set 
contains — egg,  96*10  per  cent. ;  roast  beef,  110*42  per  cent. ;  salt 
beef,  8381  per  cent;  and  the  lower — fowl,  57*82  per  cent; 
lamb,  ham,  and  fish  being  wanting,  but  all  those  which  remain 
occupying  the  same  places  in  both  estimations.  In  the  case  of 
cocoa,  no  order  or  arrangement  could  be  detected  in  the  former 
experiments,  and  the  same  is  the  case  here.  The  higher  set — 
roast  beef,  110*9  per  cent ;  fish,  82*65  per  cent ;  bread,  464*0 
per  cent ;  and  the  lower — egg,  59*79  per  cent ;  salt  beef,  69*52 
per  cent ;  lamb,  ham,  and  fowl  do  not  appear.  Examining  the 
figures  in  the  case  of  tea,  coffee,  and  cocoatina,  the  notable 
differences  produced  by  the  two  methods  of  estimation  are — (1) 
white  of  egg  having  passed  in  the  lower  set  in  the  case  of  tea, 
and  fowl  into  the  higher  in  the  case  of  coffee.  The  results  with 
roast  beef  in  the  cases  of  tea  and  cocoatina  are  much  larger  in 
the  nitrogen  than  in  the  other  estimations,  but  remain  in  the 
same  division.  Summing  up  these  results,  it  may  be  stated 
that  the  meats  least  acted  on  in  digestion  by  tea,  coffee,  and 
cocoa  are  roast  beef  and  salt  beef ;  that  if  ham  were  not  want- 
ing in  the  nitrogen  results  it  would  probably  come  into  the  list ; 
and  that  egg  is  little  acted  on  by  cocoatina,  and  its  digestion 
positively  assisted  by  coflfee,  while  tea  retards  its  digestion. 
The  positions  of  bread  and  fowl  in  the  higher  list  in  the  nitro- 
gen estimations,  and  of  fish  in  the  same  list  in  the  organic  solid 
estimations,  are  doubtfully  correct  Thus  these  new  estimations 
confirm  the  remarks  made  about  the  older  set,  that  the  common 
use  of  salt  beef,  ham,  and  egg,  as  well  as  of  roast  beef,  as  break- 
fast dishes — that  is  at  the  only  meal  at  which  custom  sanctions 
the  mixture  of  infused  beverages  and  meats — is  founded,  pro- 
bably unwittingly,  on  scientific  principles. 

Experiments  called  "Time"  experiments  have  been  men- 
tioned above^  and  were  described  in  the  former  paper.    In  these 
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the  percentage  digestive  powers  of  the  mixtures  of  beverages 
and  digestive  fluid  were  calculated  from  the  time  required  for 
complete  solution  of  a  fixed  quantity  of  white  of  egg.  In  Table 
6,  column  A»  the  percentage  digestive  powers  thus  calculated 
are  shown;  in  column  B  the  percentage  digestive  powers  are 
calculated  from  the  "Peptone"  experiments  with  white  of  egg, 
see  Table  E;  in  column  G  from  the  averages  of  the  peptone 
experiments ;  in  column  D  from  the  same  experiments  as  in  £, 
but  calculated  from  the  nitrogen  estimations ;  and  in  column  E 
as  in  C,  but  also  calculated  from  the  nitrogen  estimations.  Here 
in  the  case  of  tea  the  difference  between  the  total  organic  solid 
and  the  nitrogen  estimation  of  its  action  with  white  of  egg  is 
seen,  while  the  average  results  with  this  beverage  agree  pretty 
well  with  each  other  and  with  the  "  Time  *'  result.  In  the  case 
of  coffee  this  is  reversed,  the  averages  agreeing  with  each  other 
but  disagreeing  with  the  Time  experiment,  which  comes  nearer 
to  the  estimations  with  white  of  egg  only.  This,  of  course, 
depends  on  the  fact  that  coffee  assists  the  digestion  of  white  of 
egg,  but  retards  more  or  less  that  of  other  meats. 

In  the  cases  of  cocoatina  and  cocoa  the  figures  in  each  of  the 
columns  agree  pretty  well  one  with  another,  and  as  no  nitrogen 
estimations  were  made  with  chocolate  no  notice  need  be  taken 
of  it. 

Summing  up  the  results,  very  similar  words  may  be  used  to 
those  used  in  the  former  paper :  (1)  that  all  infused  beverages 
retard  the  digestion  of  all  meats,  with  five  exceptions,  these  being 
white  of  egg  with  coffee,  and  perhaps  fowl  with  coffee,  and  roast 
beef  with  tea,  cocoa,  and  cocoatina ;  (2)  under  this  general  rule 
some  subdivisions  must  be  noticed  ;  thus  tea  has  less  action  on 
roast  beef  and  salt  beef  and  doubtfully  on  bread ;  and  coffee  has 
less  action  on  roast  beef  and  assists  the  digestion  of  white  of 
egg,  and  perhaps  of  fowl ;  and  again,  cocoatina  has  less  action  on 
the  digestion  of  egg  and  of  salt  beef,  and  appears  to  assist  the 
digestion  of  roast  beef;  while  with  cocoa  no  subdivision  into 
two  classes  can  be  traced. 

The  results  obtained  in  the  former  estimations,  and  which 
have  been,  as  a  rule,  confirmed  by  the  later  detailed  here, 
having  been  examined,  some  attempts  were  made  to  arrive  at 
their  causes  by  the  performance  of  various  special  experiments. 
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The  results  of  the  "  Cause  "  experiments  were  re-tested,  in  the 
suitable  cases  which  remained,  by  the  nitrogen  process. 

One  of  the  theoretical  causes  which  might  assist  in  producing 
the  retardation  of  digestion  by  various  of  the  beverages  was 
the  fact  that  precipitates  formed  in  the  digestive  fluids  by  tea 
and  cocoa  (coffee  gave  no  such  precipitate)  would  carry  down 
pepsin  entangled  with  them  (according  to  a  well-known  property 
of  this  ferment),  and  this  pepsin  would  not  be  entirely  re- 
dissolved  during  digestion.  This  theoretical  consideration  was 
put  to  the  practical  test  by  the  experiments,  the  results  of 
which  appear  in  Tables  H,  I  and  I^.  In  Table  H  factors 
are  shown  obtained  by  digesting  mixtures  of  beverages  and 
digestive  fluid  (mixed  in  the  proper  proportions),  but  which 
mixtures  had  been  filtered  before  digestion,  thus  preventing 
any  resolution  of  the  pepsin.  The  removal  of  the  pepsin  in 
the  case  of  tea  is  equivalent  to  a  loss  *001  grm.  of  organic 
matter,  or  '0022  grm.  of  organic  nitrogen,  the  loss  of  nitrogen 
being  slightly  greater  in  proportion  than  that  of  organic  matter, 
as  will  be  seen  by  comparing  the  percentage  of  nitrogen  in 
this  table  with  that  in  Table  B.  In  the  case  of  coffee,  where  no 
precipitate  formed,  the  deviations  are  trifling  and  irregular,  and 
depend  on  experimental  errors.  In  the  case  of  cocoa,  the  re- 
moval of  the  suspended  matters  of  the  beverage  from  the  action 
of  the  digestive  juice  reduced  the  factor  in  column  A  from  '53 
grm.  to  '412,  while  the  nitrogen  factor  in  column  B  is  practically 
the  same  in  both  cases,  the  difference  being  only  *0004  grm.  of 
nitrogen,  and  this  in  fs^vour  of  the  filtered  solution,  showing 
that  little  if  any  pepsin  is  removed  by  the  cocoa  precipitate, 
and  also  that  the  substances  extracted  by  digestion  from  the 
suspended  solids  must  chiefly  consist  of  non-nitrogenous  matter, 
such  as  tannic  acid,  sugar,  &c.,  this  being  shown  by  the  nitrogen 
percentage  being  higher  in  the  case  of  the  filtered  than  of  the 
un  filtered  beveraga 

When  white  of  egg  is  digested  in  presence  of  these  beverages, 
filtered  after  mixing  with  the  digestive  fluid,  it  is  found,  as 
might  be  expected,  that  but  little  different  effect  is  produced 
in  the  case  of  coffee,  whether  filtered  or  not,  the  percentage 
digestive  power  in  the  former  case  being  103*33,  in  the  latter 
109*10.    In  the  case  of  cocoa  a  wide  difference  is  observed 
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between  the  results  with  the  filtered  and  unfiltered  beverage, 
the  digestive  power  in  presence  of  the  former  being  20945  per 
cent.,  of  the  latter  5979.^  The  former  large  result  in  the 
estimation  by  the  nitrogen  process  is  simQar  in  direction,  but 
widely  different  in  degree,  from  that  in  the  total  organic  solid 
estimation,  viz.,  126*03  per  cenL,  but  both  of  these  depend, 
not  on  any  action  of  the  infusion  itself,  but  on  the  removal  of 
the  suspended  matters,  which,  falling  to  the  bottom  of  the 
beaker  used  in  the  digestive  operations,  coated  over  the  white 
of  egg,  and  prevented  the  digestive  fluid  from  acting  on  it 

No  nitrogen  estimation  in  the  case  of  white  of  egg,  digested 
in  presence  of  a  mixture  of  tea  and  digestive  fluid,  filtered  after 
mixing,  was  made,  but  from  the  agreement  between  the  organic 
solid  and  the  nitrogen  *'  Factors  "  for  this  mixture  it  may  be 
assumed  that  the  organic  solid  experiment,  in  the  case  of  egg, 
would  have  been  confirmed  by  the  nitrogen  experiment. 

The  second  theoretical  cause,  viz.,  the  contraction  by  the 
gelatinous  matters  of  the  meat  by  the  tanning  action  of  tea  and 
cocoa ;  and  the  third,  viz.,  coagulation  of  any  albumenoids  of  the 
meat  by  the  action  of  any  of  the  beverage,  rest  solely  on  the  total 
organic  solid  estimations,  no  new  estimations  having  been  made. 

The  same  is  true  of  the  fourth  possible  cause,  viz.,  the  retard- 
ing action  of  the  volatile  oils  on  digestion;  and  of  the  fifth 
cause,  viz.,  the  action  of  the  alkaloids,  which  was  shown  in 
the  case  of  theine  or  caffeine  to  be  favourable  to  digestion. 
The  sixth  possible  cause,  viz.,  the  precipitation  of  syntonin  and 
peptones  as  formed,^  by  the  tannic  acid  or  its  homologue 
present  in  the  beverage,  was  re-tested  as  far  as  the  syntonin 
is  concerned,  the  results  of  both  estimations  being  shown  in 
Tables  N  and  N^;  the  process,  detailed  in  the  former  paper, 
consisted  in  mixing  25  c.c.  of  a  solution  of  syntonin  with 
25  cc.  of  a  digestive  fluid  of  double  strength,  thus  giving 
an  unknown  but  invariable  quantity  of  syntonin,  dissolved  in 
a  digestive  fluid  of  the  normal  strength;  to  this  26  c.c.  of 
the  beverage  was  added,  and  digestion  and  the  remainder  of 
the  process  carried  out. 

The  total  organic  solid  estimations  show  a  groat  reduction  of 
the  amount  of  syntonin  converted  into  dialysable  peptones  in  the 

^  See  Table  £j. 
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case  of  tea  and  coffee,  the  amouDts  dialysed  being  only  14*6 
and  17*4  per  cent  respectively,  of  what  passed  through  when 
water  was  the  beverage,  but  with  cocoa  the  reduction  is  only 
to  50'9  per  cent.  The  nitrogen  estimations,  though  all  agreeing 
in  kind  with  these,  vary  much  in  degree ;  thus  the  result  for 
tea  is  a  minus  quantity,  that  is  to  say,  not  enough  nitrogen  was 
dialysed  to  supply  the  whole  nitrogen  factor  in  tea.  With 
coffee,  again,  the  percentage  of  nitrogen  dialysed  was  76*54  per 
cent,  of  that  dialysed  in  presence  of  water  as  the  beverage.  This 
agrees  better  with  what  has  already  been  shown  of  the  action 
of  coffee  on  digestion,  and  may  probably  be  more  correct  than 
the  organic  solid  estimation.  With  cocoa  the  percentage  is 
only  19'34,  which  may  or -may  not  be  more  correct  than  the 
organic  solid  percentage. 

The  seventh  possible  cause  applies  only  to  beverages  contain- 
ing much  albumenoid  matter,  and  is  that  the  accumulation  of 
peptones  from  this  albumenoid  matter  may  arrest  the  digestive 
power  of  the  pepsin.  No  special  experiment  on  this  was 
performed,  but  as  confirming  the  principle,  attention  may  be 
called  to  the  figures  for  digestion  of  white  of  egg  and  beef 
in  undiluted  digestive  fluid,  Tables  D  to  E^.  The  superiority  in 
accuracy  of  the  nitrogen  process  over  the  organic  solid  process 
of  estimation  is  well  shown  in  the  case  of  these  two  results  in 
Table  E^,  where,  instead  ol  disagreeing  by  more  than  12  per  cent., 
as  they  do  in  Table  E,  they  agree  within  2  per  cent,  a  result 
which  is  evidently^  correct,  as  they  depend  on  a  property  of  the 
digestive  fluid.  They  show  that  reducing  the  amount  of  water 
in  the  digestive  fluid  by  one-third  reduces  its  peptonising 
property  by  almost  exactly  the  same  amount  The  eighth  and 
last  possible  cause  has  already  been  referred  to,  and  is  that 
the  suspended  matter  of  beverages  like  cocoa  clogs  the  action 
of  the  digestive  fluid.  As  an  example  of  this  the  action  of 
cocoa  on  digestion  before  and  after  filtering  may  be  referred  to. 
Summing  up  the  causes  of  the  action  of  the  beverages  on 
digestion,  so  far  as  they  have  been  re-tested  by  the  nitrogen 
process  of  estimation,  it  is  found — 

(1)  That  tea,  as  a  type  of  all  the  "  teas,"  retards  digestion  as 
a  rule,  and  acts  by  causing  precipitates  which  entangle  and 
carry  down  the  pepsin,  and  by  precipitating  the  syntonin  as 
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formed  in  digestion.  It  was  shown  further  in  the  former 
experiments  that  it  was  chiefly  the  tannic  acid  which  had 
these  properties,  and  that  it  also  acted  by  precipitating  the 
peptones  as  formed  and  by  tanning  the  gelatine  and  albumenoids 
of  the  meats;  that  the  volatile  oil  also  had  some  action  in 
reducing  digestion ;  and  that  the  action  of  the  alkaloid,  if  any, 
was  favourable  to  digestion. 

(2)  The  action  of  coffee,  taken  as  a  type  of  the  '"coffees," 
depends  on  the  action  of  its  caffeo- tannic  acid  in  retarding 
digestion  by  various  of  the  above  actions.  It  has  been  seen 
from  the  nitrogen  results  that  coffee  does  not  act  by  precipitating 
pepsin,  and  that  it  has  less  action  than  the  other  beverages  in  pre- 
cipitating syntouin.  When  coffee  assists  digestion  it  appears  from 
the  former  estimations  that  the  alkaloid  is  the  active  ingredient. 

(3)  Cocoa  has  been  shown  by  the  nitrogen  experiments  to 
precipitate  syntonin  as  formed,  and  also,  by  the  clogging  action 
of  its  suspended  matter,  to  reduce  the  activity  of  digestion. 
This  latter  action  would  in  all  probability  not  occur  in  the 
stomach,  the  active  movements  of  which  would  prevent  this 
stagnation.  In  respect  of  the  other  actions,  the  results  of 
which  were  not  re-tested  by  the  nitrogen  process^it  is  intermediate 
in  activity  between  tea  and  coffee;  and  further,  its  alkaloid 
appears  slightly  to  retard  digestion. 

The  first,  second,  third,  and  fourth  of  the  conclusions  (^^uoted 
above  have  been  reviewed,  and  as  the  fifth,  sixth,  and  seventh 
left  no  results  to  re-test,  there  only  remains  the  eighth  and  last, 
viz.,  that  relating  to'  the  effects,  on  the  actions  of  beverages  on 
digestion,  of  the  addition  to  these  beverages  of  milk  and  sugar, 
in  proper  proportions.  To  the  25  c.c.  of  beverage,  5  c.c.  of  milk 
and  215  gram,  of  sugar  were  added.  Factor  experiments  were 
performed  without  meat,  their  results  being  found  in  Table  B, 
where  column  A  contains  the  total  organic  solid  estimations, 
B  the  nitrogen  estimations,  and  C  the  percentage  of  nitrogen  in 
the  former  results. 

It  was  found  by  the  organic  solids  process  that  tea  slightly 
reduced  the  amount  of  dialysable  matter  produced  in  the 
digestion  of  the  milk  as  compared  with  the  results  where  water 
was  the  beverage,  coffee  somewhat  increased  the  amount,  and 
cocoa  increased  it  considerably.    In  the  nitrogen  results  it  is 

VOL.  XX.  2  b 


378  DR  JAMES  W.  FRASER. 

found  that  the  result  with  tea  is  slightly  greater  than  that  with 
water,  and  that  the  percentage  of  nitrogen  is  also  greater,  point- 
ing to  the  fact  that  the  nitrogen  of  the  alkaloid  is  more  than 
sufficient  in  this  to  make  up  for  any  loss  of  albumenoids  from 
the  milk  or  the  digestive  fluid.  In  the  case  of  coffee,  the 
nitrogen  result,  though  considerably  greater  than  that  with 
water  as  the  beverage,  still  has  the  nitrogen  percentage  some- 
what smaller  than  with  tea,  though  very  slightly.  In  the  case 
of  cocoa  the  percentage  of  nitrogen,  more  than  one  per  cent, 
higher  than  in  any  other  case,  is  suspicious  for  the  accuracy 
of  this  result.  The  smallness  of  these  percentages  of  course 
depends  on  the  large  quantity  of  sugar  in  the  dialysed  matters. 

The  results  of  digestion  of  white  of  egg  with  peptic  fluid,  in 
presence  of  water  alone,  and  of  the  three  typical  beverages,  with 
milk  and  sugar,  are  shown  in  Tables  S  and  S^. 
.  The  nitrogen  estimations  all  agree  in  direction  with  those 
obtained  by  the  organic  solids  procesjs,  but  differ  greatly  in 
degree.  The  result  with  coffee  confirms  what  was  said  in  the 
former  paper,  that  the  addition  of  milk  and  sugar  to  this 
beverage  reverses  its  action  on  the  digestion  of  white  of  egg. 
In  the  case  of  cocoa  the  addition  of  milk  increases  its  action 
on  digestion  by  increasing  the  amount  of  suspended  matter, 
which  covers  over  the  meat,  and  by  increasing  the  amount 
of  albumenoid  matter  in  the  beverage,  which,  by  becoming 
peptonised,  reduces  the  action  of  the  peptic  fluid  on  the  meat. 
Therefore  the  minus  result  in  this  case  is  not  without  proba- 
bility. But  tea  was  believed  from  the  former  experiments  to 
have  its  retarding  action  on  digestion  lessened  by  the  mixture 
with  it  of  milk  and  sugar.  This  is  not  confirmed  by  the  nitrogen 
results,  and  therefore  the  real  effect  of  milk  and  sugar  on  the 
action  of  tea  on  digestion  remains  for  the  present  doubtful 
Beverting  to  the  conclusions  of  the  former  paper,  it  is  found 
that  the  first  conclusion,  viz.,  that  all  beverages  retard  the  peptic 
digestion  of  all  albumenoid  food -stuffs,  is  confirmed,  but  the 
exceptions  are  rather  different,  being  in  the  new  estimations 
white  of  egg  with  coffee;  roast  beef  with  tea,  cocoatina,  and 
cocoa;  and  fowl  with  coffee.  Fish  with  cocoa  ceases  to  be 
an  exception  to  the  rule ;  and  ham  with  coffee,  and  fish  with 
cocoatina,  were  not  examined. 
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(2)  The  grouping  into  breakfast  meats  is  more  or  less  retained 
in  the  cases  of  tea,  coffee,  and  cocoatina,  but  white  of  egg  is 
removed  from  this  group  in  the  case  of  tea.  Cocoa,  as  before, 
shows  no  such  grouping. 

(3)  This  retarding  action  is  less  with  coffee  than  with  tea  as 
a  rale,  and  less  with  either  of  these  than  with  the  cocoas. 

(4)  As  to  the  causes,  the  only  ones  examined  in  these  new 
estimations  were  the  precipitation  of  syntonin  by  the  tea  and 
the  precipitation  of  pepsin  by  the  precipitates  caused  by  the 
tea;  the  occurrence  of  these  causes  of  retardation  being  con- 
firmed. The  action  of  caffeo-tannin  in  these  directions  was 
shown  to  be  slight,  and  the  same  was  shown  to  be  true  with 
regard  to  the  tannic  acid  of  cocoa.  The  principal  cause  of  the 
action  of  cocoa  on  digestion  was  shown  to  be  the  clogging  action 
of  its  suspended  matters.  Therefore  the  causes  of  the  actions 
of  the  beverages,  as  shown  by  the  organic  solids  process,  are 
confirmed  by  the  nitrogen  process  in  the  cases  in  which  they 
were  re-tested. 

(8)  The  addition  of  milk  and  sugar  to  cocoa  was  shown  to 
increase  its  retarding  action  on  digestion,  and  the  reversal  of  the 
action  of  the  coffee  by  these  additions  was  confirmed.  But  no 
confirmation  was  given  of  the  result  with  regard  to  tea  obtained 
in  the  former  estimations. 

In  the  former  paper  certain  practical  deductions  from  the 
experimental  results  were  drawn,  but  as  these  remain  the  same 
under  the  new  estimations  it  is  unnecessary  to  recapitulate 
them  here.  One  conclusion,  however,  deserves  reference,  vis., 
the  large  loss  which  results  from  eating  meat  and  drinking 
infused  beverages  at  the  same  time. 

Sir  L.  Flay  fair  quotes  as  a  mere  "  subsistence  *'  diet  that  of 
a  London  sempstress,  and  states  that  it  consists  of — 

Nitrogenous  matter,         .        .    2*33  oz.  or  65*95  gmx. 

Fat, 0*84  oz.  or  23*8  grm. 

Carbohydrates,        .        .        .  11*69  oz.  or  331*4  grm. 
the  food  being  reckoned  as  dry  solids.    This  diet,  excluding 
fats,  would  be  represented  by — 

Bread, 19*3  oz.  or  550  grm. 

Meat, 10*5  oz.  or  300  grm. 

reckoned  as  they  appear  as  food  and  containing  water.     It 
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Per 

Per 

Per 

Per 

Per 

Per 

cent 

cent. 

cent. 

cent 

cent 

oent 

cent 

oent 

cent 

Dige8tl7e  fluid  undiluted, 

86-6 

74 

•  ■ 

«  • 

•  • 

•  • 

•  • 

•  • 

80-8 

„            with  water, 

100 

100 

100 

100 

100 

100 

100 

100 

100 

„            with  mixed  tea. 

91-7 

96-4 

94-8 

88-4 

96-98 

6678 

88-26 

89-28 

89-06 

„            with  Chineae  tea,  . 

72-8 

•  • 

•  • 

•  • 

•  • 

■  • 

»  m 

•  • 

72-8 

„           with  Indian  tea,     . 

46-4 

•  ■ 

«    m 

■  • 

•  • 

■  • 

m  • 

•  • 

46-4 

„            with  green  tea, 

61-6 

•   a 

m   • 

•  • 

•  ■ 

•  « 

•  • 

•  * 

61-6 

„           with  tea  wtth  soda, 

97 

•   ■ 

■   • 

•  • 

•  • 

•  • 

m  • 

•  • 

97 

„            withmat^ 

82-7 

•   • 

•   • 

•  • 

•  • 

•  m 

•  • 

«  • 

82-7 

„           with  coffee,    . 

106*46 

98-8 

98-4 

69-96 

100-44 

86-74 

96-88 

68-27 

88-79 

„           with  coffee  and  chicory. 

62-9 

•  • 

■  ■ 

•  ■ 

•  • 

•  ■ 

•  ■ 

•  • 

62-9 

„           with  Arab  coffee,  . 

67-97 

«  « 

•  • 

■  • 

*  • 

a    a 

•  • 

,  , 

67-97 

„           with  cocoatlna, 

86-26 

88-09 

86-88 

77-04 

88-96 

66-53 

189*77 

87-22 

89-96 

y,            with  coeoa^ 

87-78 

78-2 

86-8 

88-86 

70 

•  • 

102-6 

73-76 

76-06 

„           with  chocolate,             i 

minus 
result 

*     •  ■ 

62-46 

62-71 

72-26 

86-41 

88-88 

f  minus) 
t  result  f 

72-44 

„           with  eocoa  nibs, 

78-8 

•  • 

B    • 

•  • 

•  • 

•  • 

•  ■ 

•  ■ 

78-8 

„           withguarana, 

6714 

•  • 

•    ■ 

■  ■ 

•  • 

•  • 

•  « 

•  • 

67-14 
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Table  Ej. 

Percentage  results  of  peptone  expenments  estimated  by  nitrogen 
process. 


1 

1 

• 

^     H 

Roast 
Beef. 

Boiled 
Salt 
reef. 

Roast 
Lnmb. 

u 

11 

Boiled 
FUh. 

•3 
1 

< 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

c«nt. 

oent. 

cent 

cent. 

cent. 

cent 

cent 

ObOt 

cent 

0lfMtlTe  flnld  nndiliitad 

72-21 

72-42 

9    • 

•  • 

•  • 

•   • 

72-81 

•1 

With  water, 

100 

100 

100 

100 

100 

100       100      1 

•t 

with  mixed  tea, 

64-80 

126-71 

84-24 

■  • 

72-86 

&9-68 

86-86 

t« 

with  Chinese  tea,    . 

74-27 

*  • 

■  • 

■  • 

74-27 

n 

with  Indian  tea. 

62-iW 

•  • 

»  • 

•  « 

62-98 

ft 

with  green  tea, 

66-14 

•  • 

•  1 

■  • 

■  ■ 

6614 

t» 

with  tea  with  soda. 

62-98 

•  • 

•  • 

«  • 

62-98 

fi 

with  coffee, 

10910 

97-18 

.a 

104-74 

88-28 

87-82 

»» 

with  coffee  and  chicorj, 

69-8fi 

■  • 

•  • 

•  • 

69  86 

ti 

with  oocoatlna. 

9610 

110-42 

83-81 

.a 

67-82 

•  • 

8708 

II 

with  cocoa, 

69-79 

110-9 

69  62 

.a 

•  • 

82-66 

464-06 

80-71 

H 

with  cocoa  nibs. 

66-69 

m  m 

•  • 

•  ft 

•  • 

•  • 

66-69 

a.  Absent  because  there  Is  no  water  experiment  for  comparison. 
6.  Omitted  In  calculating  arerage. 


Table  6. 

Percentage  digestive  powers  of  mixtures  of  digestive  fluid  and 
beverages  deduced — A,  from  time  experiments;  £,  from  peptone 
experiments  vrith  white  of  egg;  C,  from  average  of  peptone  experi- 
ments; D,  from  nitrogen  experiments  with  white  of  egg;  and  E, 
from  average  of  nitrogen  experiments. 


A. 

B. 

C. 

D. 

E. 

Per  cent. 

Percent 

Per  cent 

Percent 

Percent 

UgestlTe  fluid  with  water, 

„          with  mixed  tea, 

100 

100 

100 

100 

100 

89-26 

91-7 

89-06 

64-80 

86*86 

„          with  coffee,  ,  . 

11602 

106-46 

88-79 

109-10 

87-82 

„          with  oocoatlna. 

72-04 

86-26 

89-96 

96-10 

87-08 

„          wlthcoooa,     . 

89-26 

87-78 

76  06 

69-79 

80-71 

„          with  chocolate, 

76-83 

•  • 

72-44 

■  • 

•  • 

[Table  H. 
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Table  H, 

ReBTiltB  of  digestion  of  50  c.c.  of  digestive  fluid  with  25  c.c.  of  the 
thiee  principal  beverages,  filtered  after  mixing.  A,  Total  organic 
solid  estimations ;  B,  Organic  nitrogen  estimations ;  C,  Percentage  of 
nitrogen  in  organic  solids. 


A- : 

B. 

C. 

Mixed  tea,  . 

Coffee, 

Cocoa, 

Gnn& 
•225 
•263 
•412 

GrniB. 
•0221 
•0263 
•0301 

Per  cent. 
10 
10 
73 

Table  I. 

Eesolts  of  digestion  of  5  grms.  white  of  egg  with  50  c.c  of  digestive 
fluid,  and  25  o.c  of  beverage,  filtered  after  mixing. 


Actual  Weights. 

Percentages. 

Water, 

Mixed  tea,      .... 

Coffee, 

Cocoa, 

Grms. 
-434 
•34 
•462 
•547 

Percent. 
100 
78-34 
106-45 
126-03 

Table  Ip 

Results  of  digestion  of  5  grms.  of  white  of  egg  with  50  c.c.  diges- 
tive fluid  and  25  cc.  of  beverage,  filtered  after  mixing.  Eesults 
estimated  by  nitrogen  process. 


Actaal  Weights. 

Percentages. 

Water, 

Mixed  tea,      .... 

Coffee, 

Cocoa, 

Grms. 
•07195 

•07796 
•1506 

Per  cent 
100 

108'33 
209-45* 

Table  K 

Digestion  of  syntonin  in  presence  of  water,  and  of  the  three  principal 
beverage& 


Actual  Weights. 

Percentages. 

Water, 

Mixed  tea,      .... 

Coffee, 

Cocoa,    ..... 

Grms. 

•1206 

•0176 

•021 

•0615 

Per  cent. 

100 

14-6 

17-4 

50-9 
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Table  N^. 

Digestion  of  syntonin  in  presence  of  water  and  of  three  principal 
beverages.     Estimated  by  nitrogen  process. 


Actual  Weights. 

Percentages. 

Water, 

Mixed  tea,      .... 

Coffee, 

Cocoa, 

Grm& 
•0162 
-•00649 
•0124 
O031 

percent. 
100 

76^54 
19-34 

> 


Table  ft. 


Kesulis  of  digestion  of  25  c.c  of  beverage^  with  5  cc.  of  milk  and 
1*25  grm.  of  sugar,  in  presence  of  5  cc.  of  digestive  fluid.  A,  total 
organic  solid  estimations;  B,  organic  nitrogen  estimations;  G,  per- 
centage of  nitrogen  in  organic  solids. 


A. 

B. 

C. 

Gims. 

Qnns. 

Per  dent. 

Water, 

1-345 

•0309 

2-29 

Mixed  tea, 

1-275 

•0324 

2-54 

Coffee, 

1-413 

•0356 

2-52 

Cocoa, 

1-677 

•0619 

3-69 

Table  S. 

Results  of  digestion  of  5  grms.  of  white  of  egg  in  presence  of  water, 
and  of  the  beverages  with  milk  and  sugar. 


1 

Actual  Weights. 

Peroentiges. 

Water  without  milk, 
Tea  with  milk  and  sugar, 
Coffee  with  milk  and  sugar,   . 
Cocoa  with  milk  and  sugar,    . 

Qrms. 
•434 
-426 

•04 

Per  cent. 

100 
98-15 
54-6 
9-2 
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Table  S^. 

Besults  of  digestion  of  white  of  egg  in  presence  of  water,  and  of  the 
heverages  with  milk  and  sugar.     Estimated  by  nitrogen  process. 


Actual  WeightaL 

Percentages. 

Water  without  milk,  &c., 
Tea  with  milk,  &c., 
Coffee  with  milk,  &c.,    . 
Cocoa  with  milk,  &c.,     . 

GnoB. 
•07196 
•0189 
•0164 
-•00646 

Per  cent. 

100 
26-31 
21-37 

•  •  • 

SOME  VARIATIONS  IN  THE  HUMAN  SKELETON.  By 
W.  Arbuthnot  Lane,  M.S.,  F.E.C.S.,  Smior  Demonstrator 
of  Anatomy,  Chiy's  Rospitai,  Assistant  Surgeon  to  the  Hospital 
for  Sick  Children. 

Asr/mmetry  of  the  Spinal  Column,  Chest,  and  Skull;  Bifid  Bibs 
and  Cartilages  ;  Extent  of  Lower  Limit  of  Pleura,  &c, 

I  WILL  give  a  detailed  account  of  these  cases,  and  note  the  varia- 
tions from  the  normal  as  they  occur,  discussing  any  points  of 
interest  in  connection  with  them. 

The  first  case  was  a  man  about  5  feet  and  8  inches  in  height,  with 
a  chest  of  average  size.  His  sternum  was  abnormally  thick  and  broad. 
The  greatest  breadth  of  the  manubrium  was  3^  inches,  and  the  least 
2\  inches.  The  greatest  breadth  of  the  gladiolus  was  If  inches.  The 
length  of  the  manubrium  was  2f  inches,  that  of  the  gladiolus  4f  inches. 
They  were  united  to  one  another  by  a  thin  layer  of  dense  fibrous  tissue, 
the  joint  so  formed  allowing  of  very  slight  movement. 

The  first  ribs  were  almost  exactly  symmetrical  in  size  and  in  posi- 
tion. The  span  of  each  was  3^  inches.  The  first  cartilage  was  placed 
a  little  more  horizontally  than  usual ;  its  antero-posterior  diameter  was 
unusually  great,  and  it  was  more  than  normally  flattened  on  its  upper 
surface.  It  was  ossified  in  almost  the  whole  of  its  thickness.  In  each 
an  amphiarthrodial  articulation  was  present.  On  the  right  side  it  was 
situated  in  its  usual  position,  namely,  half  an  inch  from  the  extremity 
of  the  rib ;  and  on  the  left  side  it  was  placed  in  the  centre  of  the 
ossified  cartilage.  The  other  costal  cartilages  were  quite  free  from  any 
ossific  change.  Owing  to  a  slight  obliquity  of  the  articulation  between 
the  two  pieces  of  the  sternum,  the  left  second  costal  cartilage  was 
attached  to  the  sternum  at  a  slightly  higher  level  than  the  right. 

The  third  right  costal  cartilage  was  nearly  normal  in  depth  at  its 
attachment  to  the  sternum.  As  it  passed  outwards  it  rapidly  increased 
in  vertical  measurement,  and  just  before  its  junction  with  the  corre- 
spondingly enlarged  extremity  of  the  third  rib  it  was  perforated  by  a 
foramen  f  inch  in  diameter.  At  this  point  the  cartilage  was  1^  inches 
deep. 

The  third  left  costal  cartilage  was  about  |  inch  deep,  and  was 
attached  to  the  sternum  a  little  above  its  fellow. 

The  right  fourth  cartilage  was  normal  throughout. 

The  left  fourth  cartilage  was  1^  inches  deep  at  its  inner  end,  where 
it  was  perforated  by  a  foramen  half  an  inch  in  diameter.  Its  depth 
diminished  as  it  passed  outwards,  though  it  had  not  reached  its  normal 
measurement  where  it  joined  the  enlarged  extremity  of  the  fourth  rib. 
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The  right  fifth  cartilage  was  nearly  an  inch  deep  in  the  greater  part 
of  its  length,  though  at  its  inner  end  it  was  somewhat  narrower. 

The  left  fifth  cartilage  was  f  inch  deep,  and  attached  to  the  sternum 
above  its  fellow. 

The  right  sixth  and  seventh  cartilages  were  normal,  and  articulated 
with  the  sternum. 

The  left  sixth  cartilage  was  1^  inches  deep  at  its  inner  end.  It 
increased  considerably  in  breadth  as  it  passed  outwards,  and  at  a  point 
1^  inches  from  the  sternum  it  split  into  two  cartilages,  which  enclosed 
a  foramen  measuring  3^  inches  in  its  transverse  diameter.  These  two 
rods  of  cartilage  united  with  the  bifurcated  broad  extremity  of  the 
sixth  rib,  which  itself  bounded  the  foramen. 

The  seventh  left  cartilage  was  broader  than  usual  and  articulated 
with  the  sternum.  A  point  of  some  clinical  interest  Maa  the  very 
narrow  interval  in  the  front  side  of  the  chest  between  the  left  sixth 
rib  and  cartilage  and  the  adjoining  ribs  and  cartilages,  especially  the 
seventh.  This  circumstance  would  have  caused  some  inconvenience 
in  the  event  of  the  ordinary  operation  for  an  empysema  being  per- 
formed  here,  as  it  would  have  been  impossible  to  drain  the  cavity 
through  such  a  narrow  interspace  without  resecting  a  portion  of  the 
rib. 

The  left  costal  cartilages  articulating  with  the  sternum  were,  with 
the  exception  of  the  first,  at  least  a  quarter  of  an  inch  longer  than  those 
of  the  right  sida 

The  bones  forming  the  spinal  column  were  dense  and  strong.  They 
presented  no  lateral  curve  or  extensive  pressure  change.  The  upper 
dorsal  vertebrse  were  thrown  slightly  forwards.  There  were  no  old 
pleuritic  adhesion  or  chronic  lung  affection.  There  was  the  same  con- 
dition of  the  vertebraei  which  was  present  in  a  case  I  described  in  the 
last  volume  of  the  Jour,  of  Anat  and  Phys,y  "  Vertebral  Asymmetry," 
<fec.  Up  to  the  present  time  that  case  was  the  only  instance  of  verte- 
bral asymmetry  I  have  seen  in  the  dissecting  room  which  was  not  due 
to  pressure  or  costal  leverage.  In  this  case  the  left  transverse  processes 
were  directed  in  a  more  upward  and  backward  direction  than  usual,  so 
that  on  this  side  there  was  a  narrower  groove  between  the  transverse 
processes  and  spines  than  on  the  opposite  side.  The  difference  on  the 
left  side,  on  an  average,  was  about  half  an  inch  in  the  middle  eight 
dorsal  vertebras,  and  about  an  eighth  of  an  inch  in  the  upper  two  dorsal 
vertebrae.  The  left  were  also  on  a  higher  level  than  the  right.  This 
difference  in  level  in  the  upper  and  central  part  of  the  dorsal  spine 
varied  from  about  half  an  inch  to  about  a  quarter  or  an  eighth  of  an 
inch  in  the  lower  dorsal  vertebrae. 

Chiefly  on  account  of  the  alteration  in  the  direction  of  the  left 
transverse  processes,  but  slightly  also  owing  to  a  diminution  in  the 
length  of  the  ribs  between  the  angles  and  heads,  their  angles  of  the 
ribs  on  the  right  side  were  more  distant  from  the  middle  line  than 
those  on  the  opposite  side.  This  difference  amounted  in  some  to 
half  an  inch,  and  in  others  to  three<K][uarters  of  an  inch.  In  this 
chest  we  have,  besides  a  certain  amount  of  asymmetry  in  the  attach- 
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ment  of  the  costal  cartilages  to  the  sternum,  asymmetry  in  the  form 
and  length  of  the  cartilages  and  ribs,  and  of  the  laminse  and  trans- 
verse processes  of  the  dorsal  yertebrsB. 

One  would  have  expected  the  cartilages  on  the  left  side  to  be 
the  shorter,  as  they  are  attached  to  the  sternum  at  points  higher  than 
their  fellows.  This  asymmetry  of  the  two  sides  of  the  chest  is  very 
interesting,  both  from  a  clinical  as  well  as  from  an  anatomical  point  of 
view ;  and,  as  I  have  already  shown  in  previous  papers,  it  is  by  no 
means  an  uncommon  condition. 

I  would  here  protest  strongly  against  the  clinical  habit  of 
gauging  too  accurately  the  size  of  the  heart  by  the  relation 
borne  by  the  apex-beat  to  the  nipple  and  to  the  interspace. 
The  chest  wall  is  frequently  so  variable  in  its  bony  framework 
that,  in  a  doubtful  case,  its  constituent  parts  should  be  carefully 
deGned  and  measured,  and  a  broad  margin  allowed  for  the  posi- 
tion of  the  healthy  apex,  should  the  framework  of  the  chest 
deviate  to  any  great  extent  from  what  is  regarded  as  the  normal, 
or  to  speak  more  accurately,  the  more  common  type.  The  more 
I  examine  the  bodies  of  subjects  in  the  dissecting  room,  the 
more  am  I  convinced  of  the  importance  of  this  fact,  and  I 
do  not  think  it  is  sufficiently  recognised,  if  it  is  so  at  all,  by 
clinical  observers. 

It  is  also  by  no  means  uncommon  to  find  considerable 
asymmetry  of  the  skull.  In  the  case  that  I  have  just  described  the 
skuU  was  nearly  symmetrical,  the  left  half  being  slightly  the 
larger  of  the  two.  It  is  curious  that  the  cavity  of  the  skull 
should  be  so  frequently  asymmetrical,  and  yet  it  is  not  so  difficult 
to  attempt  an  explanation  in  the  case  of  the  skull  as  it  is  in  the 
case  of  the  framework  of  the  chest  I  have  examined  and 
measured  a  number  of  skulls,  and  in  the  lai^e  majority  I  have 
found  the  left  half  to  be  larger  than  the  right  I  measured 
them  by  stretching  a  string  from  the  skull  immediately  above 
the  crista  galli  to  a  point  immediately  above  the  centre  of  the 
longitudinal  sinus  at  the  internal  occipital  protuberance,  the 
skull  cap  having  been  removed  in  the  usual  way.  At  right 
angles  to  this,  other  cords  were  stretched,  and  the  distances  from 
the  middle  line  measured  As  a  rule,  the  increase  was  tolerably 
general  on  one  side,  but  in  many  cases  it  was  limited  to  the 
front  or  back  of  the  skull.  Given  that  one  half  of  the  cavity  is 
larger  than  the  other,  I  think  we  may  assume  that  the  half 
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of  the  cerebrum  contained  in  it  is  also  larger  than  the  other 
half. 

As  the  right  limbs  have  for  generations  been  used  much  more 
extensively  than  the  left,  not  only  io  obedience  to  very  com- 
plicated efferent  impulses,  but  also,  in  the  hand  especially,  for 
the  purpose  of  gathering  afferent  impulses  of  a  very  complex 
nature,  it  is  I  think  fair  to  suppo^  that,  as  the  result  of  this,  the 
left  half  of  the  brain  has  become  larger  than  the  right.  I  hope 
soon  to  have  more  accurate  data  as  to  the  relative  frequency  of 
the  side  and  portion  of  the  side  enUrged. 

In  torticollis  occurring  at  an  early  period  of  life,  we  see  what 
appears  to  be  an  atrophic  or  a  less  developed  condition  of  the 
head  and  face  on  the  affected  side.  This  does  not  seem  to  be 
explicable  on  the  same  physical  basis  as  are  the  curves  and 
changes  produced  in  the  spinal  column,  and  the  consequent 
alterations  in  the  form  of  the  chest.  I  have  not  yet  been  able 
tq  examine  the  skeleton  of  a  subject  affected  by  torticollis 
accompanied  by  asymmetry  of  the  skull  and  face,  though  I  was 
fortunate  in  being  able  to  examine  the  bodies  of  two  adults  in 
whom  the  cranial  changes  were  not  present.  One  is  described 
in  the  TraTisadions  of  the  Pathological,  Society ^  1885. 

During  four  years  I  have  seen  three  other  bodies  in  which 
bifid  ribs  or  cartilages  were  present  In  two  of  these  the  left 
fourth  cartilage  and  rib  were  affected,  but  of  the  third  I  have 
lost  the  notes,  and  only  remember  that  one  rib,  or  one  rib  and 
cartilage  were  affected.  Professor  Struthers,  in  his  paper  ^  in  the 
J(mr.  of  Ariat.  and  Phys.,  describes  five  cases  of  this  condition. 
In  three  of  these  the  abnormality  was  ascertained  to  be  of  the 
fourth  rib,  another  probably  of  the  fourth,  the  other  two  probably 
either  of  the  fourth  or  fifth.  In  three  it  occurred  on  the  left 
side  only,  in  one  on  the  right,  in  one  on  both  sides. 

I  have  also  seen  two  subjects  in  whicl^  the  costal  cartilages  were 
bifid,  but  the  upper  limb  of  the  divided  cartilage  ended  in  a  free 
rounded  extremity,  and  did  not,  as  in  the  previously  described  cases,  in- 
clude a  foramen.  The  fourth  costal  cartilage  was  the  one  affected  in 
both  cases.  In  the  first,  which  was  a  female  subject,  the  manubrium 
was  2^  inches  long,  and  the  gladiolus  3^  inches.  They  articulated 
with  one  another  by  an  amphiarthrodial  joint.  The  right  fourth  costal 
cartilage  was  f  inch  broad  at  its  attachment  to  the  sternum.    At  about 
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half  an  inch  from  its  inner  extremity  it  split  into  two,  the  lower 
division  taking  on  the  functions  of  the  normal  fourth  cartilage ;  the 
upper  division,  which  was  1  inch  long,  ending  in  a  free  rounded 
extremity.  The  breadth  of  the  fourth  rib  was  increased  abruptly  at  a 
point  about  1  inch  from  its  anterior  extremity,  showing  a  tendency 
to  bifurcation  of  the  rib  also. 

In  the  second  case,  which  was  a  male  subject,  the  manubrium  was 
If  inches  long  and  the  gladiolus  about  4  inches.  These  bones  articu- 
lated by  an  amphiarthrodial  joint.  The  left  fourth  costal  cartilage  was 
more  than  |  inch  deep  at  its  inner  extremity.  It  bifurcated  in  a  simi- 
lar manner  to  the  last,  the  rib  being,  however,  normal  in  form  and 
outline.  The  free  end  of  the  upper  division  terminated  abruptly  in 
the  intercostal  muscles  as  in  the  preceding  case. 

Another  point  I  would  call  attention  to  is  the  relative 
lengths  of  the  clavicles  on  both  sides.  I  find  it  stated  in 
Gray's  Anatomy  that  the  right  clavicle  is  frequently  shorter 
than  the  left.  I  have  measured  a  great  many,  and  have  not 
been  able  to  verify  this  statement,  either  in  people  who  had 
or  who  had  not  led  laborious  lives,  nor  do  I  see  for  what 
reason  the  right  clavicle  should  be  shorter  than  the  left 
Long  before  the  clavicle  would  yield  and  alter  its  form  under 
the  influence  of  pressure,  the  first  rib  would  have  yielded  to 
a  relatively  greater  extent^  and  in  it  even  a  slight  depression 
is  rare.  I  have  described  fully  the  manner  in  which  force  is 
transmitted  from  the  arm  and  shoulder  to  the  chest  wall  in 
papers  contained  in  the  TraTisaduma  of  the  Pathological  Society, 
1884-1885,  "  Case  of  Costo-Chondral  Dislocation,*'  "  One  Mode 
of  Fracture  of  the  Sternum,"  and  ''  Mode  of  Fracture  of  First 
Eib  alone,"  so  will  not  do  more  than  refer  to  them  here. 

Whenever  I  have  found  the  first  costal  arch  equal  on  both  sides,  as 
is  usually  the  case,  the  cjavicles  have  also  been  symmetrical,  but  when 
the  span  of  one  arch  was  larger  than  its  fellow,  tbe  clavicle  on  the 
same  side  was  correspondingly  so  also.  As  a  very  marked  instance  of 
this,  I  would  refer  again  to  the  cases  already  mentioned  as  having  been 
described  in  the  paper  on  ''Supernumerary  Cervico-Dorsal  Bearing 
Bibs,"  in  which  the  span  of  the  costal  arch  on  which  the  right 
clavicle  rested  was  3{  inches,  while  that  crossed  by  the  left  clavicle 
was  only  3  inches.  The  right  clavicle  was  6  inches  long,  and  the  left 
5^  inches.  This  is  a  considerable  and  an  unusual  difference,  but  the 
difference  between  the  costal  spans  was  also  great. 

Kctuming  to  the  case  I  was  describing,  the  clavicles  were  equal  in 
length.  Their  inner  extremities  were  peculiar  in  that  they  were  much 
flattened  on  their  under  surfaces^  the  articular  surfaces  on  their  inner 
aspect  being  continuous,  with  large  fiat  facets  on  the  under  surface. 
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This  last  articulated  with  a  correspondiiigly  well  marked  depression  on 
the  upper  surface  of  the  first  cartilage.  The  ligaments  connecting  the 
clavicles  to  the  sternum  and  first  costal  cartilage  were  very  well 
developed,  and  this  was  particalarly  the  case  with  the  interclavicular 
ligament,  which  was  very  thick  and  strong,  and  had  hardly  any  con- 
nection with  the  sternal  notch.  There  was  no  rheumatoid  change  in 
this  or  in  any  other  articulation  in  the  body.  In  the  resting  position, 
the  clavicle  lay  on  the  first  cartilage  at  a  point  half  an  inch  internal  to 
the  attachment  of  the  first  rib,  being  much  within  the  normal  point  of 
crossing.  Also,  on  pressing  back  the  shoulder,  the  clavicle  could  not 
be  made  to  press  on  the  rib  where  it  received  the  insertion  of  the 
scalenus  medius.  This  was  due  in  part  to  the  remarkable  change  in 
the  form  of  the  stemo-clavicular  articulation,  and  in  part  to  the  short- 
ness and  great  strength  of  the  rhomboid  ligament,  and  to  the  slight 
difference  in  the  direction  of  the  ossified  cartilage. 

On  the  left  side  the  subclavius  muscle  was  entirely  absent,  and 
the  costo-coracoid  membrane  was  ill  developed.  On  the  right  side 
both  were  fairly  well  marked.  In  this  case  I  did  not  see  this  part  of 
the  body  till  this  region  had  been  partly  dissected,  so  cannot  teistify 
with  absolute  certainty  to  the  complete  absence  of  the  left  subclavius 
muscle.  I'  was  then  unable  to  find  any  relic  of  it,  and  was  quite  satis- 
fied that,  if  it  had  been  present,  it  must  have  b|een  very  small  indeed. 

The  coraco-humeral  ligament  on  the  right  side  was  replaced  by  the 
tendon  of  the  pectoralis  minor.  The  left  was  normally  attached. 
The  right  coraco-brachialis  arose  by  a  large  fleshy  belly  from  the 
whole  length  of  the  coracoid  process  as  well  as  by  the  tendon  CQmmou 
to  it  and  the  biceps. 

I  mention  these  abnormalities  as  I  have  frequently  noticed  that, 
when  you  get  an  abnormal  condition  of  the  thoracic  wall,  you  not 
uncommonly  get  other  parts  varying  also,  especially  structures  about 
the  clavicles  and  shoulders.  I  would  refer  again  to  a  case  I  describe4 
in  which  there  were  thirteen  cervico-dorsa^  vertebrsB  bearing  ribs.  In 
that  there  were  on  both  sides  chondro-epitrochlearis  and  three  headed 
biceps  muscles,  besides  several  other  muscular  abnormalities.  In  the 
case  which  I  have  already  referred  to  twioe,  in  which  there  were  appa- 
rently eight  cervical  vertebrsd,  the  omohyoids  had  each  only  one  fleshy 
belly,  the  anterior,  and  this  arose  by  an  aponeurosis  from  the  clavicle. 
The  subclavius  muscle  was  also  absent  on  both  sides. 

Simple  costal  and  sternal  asymmetry  may  be  regarded  as  a 
condition  of  retrocession  to  the  arrangement  found  normally  in 
the  orang-utans,  and  Professor  Tamer  has  demonstrated  the 
fact  that  in  Cetacea  cervical  ribs  also  exist  not  unfrequently, 
that  they  may  fuse  with  the  first  thoracic  rib,  and  that  the 
tipper  two  thoracic  ribs  may  also  unite,  though  not  with  the 
same  frequency.  Similar  variations  in  the  number  of  the  ribs 
and  in  their  degree  of  development  have  been  described  by  Pro* 
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fessor  Struthers  among  other  animals.  I  have  not  succeeded 
in  finding  instances  of  bifid  ribs  or  cartilages  in  any  animal 
except  man,  but  my  experience  is  limited  to  museum  specimens 
alone. 

The  next  important  point  I  will  allude  to  is  a  very  remark- 
able change  in  the  outline  of  the  shoulder-joint,  and  consists  in 
an  alteration  in  the  relation  of  the  head  of  the  humerus  to  the 
acromion  process.  I  need  not  do  more  than  refer  to  the  normal 
form  of  the  shoulder  as  seen  in  people  who  do  not  lead  very 
laborious  lives.  Its  rounded  shape  is  unbroken  by  any  pro- 
minence of  the  acromion  on  its  posterior  aspect,  or  of  the 
humeral  head  on  its  anterior  aspect.  The  head  of  the  humerus 
is  sheltered  by  the  acromion  above,  the  smajl  interval  being 
filled  in  by  the  deltoid. 

In  some  subjects,  who  have  led  hard  laborious  existences, 
I  have  found  that  the  head  of  the  humerus  did  not  occupy  the 
normal  relative  position  to  the  acromion,  and  that  the  direction 
of  the  glenoid  cavity  was  more  anterior  than  usual.  This 
modification  in  the  form  of  the  shoulder-joint  does  not  appear  to 
be  limited  to  subjects  whose  spinal  columns  presented  any  par- 
ticular labour  curve. 

The  alteration  consists  in  a  forward  displacement  of  the  head 
of  the  humerus,  so  that  it  is  no  longer  covered  by  the  acromion 
to  the  same  extent  as  before,  and  in  the  variation  of  the  direction 
of  the  glenoid  cavity  from  the  normal,  which  I  have  just  described. 
I  was  inclined  to  regard  these  changes  as  the  product  of  strain 
thrown  upon  the  articulation  in  certain  employments. 

The  shoulder-joint  of  this  subject  displayed  the  above  con- 
ditions in  an  extrenie  degree,  so  much  so,  that  before  the 
removal  of  the  skin  the  appearance  presented  was  that  of 
double  subcoracoid  dislocation,  in  which  a  new  socket  had 
formed  for  the  head  of  the  humerus,  and  this  socket  had 
trenched  considerably  on  the  glenoid  cavity.  The  anterior 
extremity  of  the  acromion  projected  outwards  behind  the  centre 
of  the  head  of  the  bone,  and  the  posterior  part  of  the  acromion 
projected  back  some  way  beyond  the  humeral  head,  so  as  to 
produce  a  considerable  interval  between  these  points.  This 
was  even  more  marked  on  the  left  side.  The  direction  of  the 
glenoid  cavity  was  altered  very  distinctly. 
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The  man  was  powerfully  built,  and  his  muscles  were  well 
developed,  especially  the  deltoid  and  trapezius. 

The  question  now  arises  as  to  the  mode  of  origin  of  this 
condition.  Is  it  the  result  of  the  occupation  of  the  individual 
or  of  some  fault  in  deportment,  and  produced  in  the  same  way 
as  pressure  changes  elsewhere  ?  In  a  subsequent  paper  ^  I  hope 
to  show  that  the  shape  of  the  bead  of  the  femur  and  the  form 
and  extent  of  the  acetabular  cavity  is  modified  very  considerably 
by  the  mode  of  labour  of  the  individual,  and  that  there  can  be 
no  reasonable  doubt  in  that  case  as  to  the  inanner  of  its  pro- 
duction. In  it  the  result  produced  by  pressure  is  similar  to 
that  present  in  this  shoulder-joint.  I  might  also  refer  to  changes 
in  the  direction  of  other  joints  as  the  result  of  pressure,  which 
I  have  described  in  a  paper  in  the  last  number  of  the  Q^y'^ 
Hospital  Beports,  "  Senile  Changes,"  &c. 

Or  is  this  condition  of  the  shoulder-joint  one  that  is  peculiar 
to  the  individual  and  congenital,  as  are  his  bifid  ribs,  <^c.,  and 
due  to  some  cause  of  which  we  have  no  knowledge  ? 

Though  the  vertebrae  were  strong  and  dense,  this  man's  spinal 
column  presented  no  pressure  curve,  except  a  slight  forward 
curve  of  the  upper  dorsal  vertebrae  and  an  increase  in  the  size 
of  the  lumbar  and  sacral  spinous  processes.  His  first  ribs,  as 
well  as  their  ossified  costal  cartilages,  were  particularly  strong. 
The  sternal  articulation  was  broad  and  firm.  As  I  said  before, 
the  ligaments  in  connection  with  the  clavicle  were  very  strong, 
the  interclavicular  having  but  slight  connection  to  the  sternum. 
The  clavicles  also  rested  on  the  first  cartilages  and  not  on  the 
ribs,  and  the  line  of  direction  of  the  cartilage  and  rib  was  altered 
from  the  normal. 

Each  of  these  circumstaaces  tt^ken  separately  does  not  prove 
much,  but  all  taken  together  suggest  stroqgly  that  the  man  had 
been  engaged  in  some  occupation  in  which  he  was  in  the  habit  of 
carrying  heayy  weights  simultaneously  in  both  hands,  and  that 
the  conditions  present  resulted  from  the  long-continued  pursuit 
of  this  form  of  labour.  Observing  the  different  classes  of 
labourers,  one  sees  that  there  are  but  few  whose  function  it  is  to 

^  ''Pressure  changes  in  the  joints  of  the^ extremities,  including  senile  changes,*' 
Transaclums  qf  the  PatJiological  Society ^  vol.  xxxvii.,  and  *'Dupuytren*8  con- 
traction," Ac,  Ouy^s  Hospital  Ecports,  vol.  xliii. 
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carry  weights  for  any  long  time  in  this  way,  though  of  course 
many  combine  this  largely  with  others.  Perhaps  milkmen  more 
than  others  would  seem  to  supply  the  necessary  requisites  for 
the  conditions  present  in  this  skeleton. 

Fusion  of  the  First  and  Second  Costal  Cartilages  on  the 

Left  Side. 

I  am  describing  this  specimen  as  it  is  a  good  instance  of  an 
unusual  condition,  and  also  because  its  characters  will  be  seen 
to  deviate  slightly  from  those  usually  present  in  these  cases, 
in  regard  to  the  span  of  the  upper  ribs,  and  the  relative 
measurements  of  the  manubrium  and  gladiolus.  In  a  paper  in 
the  Guy's  Hospital  Reports,  voL  xlii.,  "  Cervical  and  Bicipital 
Bibs  in  Man,"  I  gave  descriptions  of  three  instances  of  this 
form  of  abnormality,  and  the  chests  of  these  subjects  were 
characterised  by  the  relative  diminution  in  the  capacity  of  their 
upper  part,  including  the  manubrium,  and  by  the  relative 
increase  in  that  of  the  lower  part,  including  the  gladiolus, 
and  in  the  number  of  ribs  articulating  with  that  bone. 

In  the  first  case  (fig.  6)  lihe  manubrium  was  If  inches  long,  the 
gladiolus  4|  inches,  and  eight  cartilages  articulated  with  the  sternum 
on  the  side  opposite  to  that  on  which  fusion  was  present,  namely, 
the  left. 

The  cartilages  articulc^ted  symmetrically  with  the  sternum,  except 
below,  where  the  sternum  itself  deviated  to  the  right  The  lirst  and 
second  cartilages  were  fused  through  at  least  an  inch  of  their 
extent. 

In  the  second  case  (fig.  8)  the  right  first  and  second  costal  cartil- 
ages were  fused  along  |>inch  of  their  length. 

The  span  of  the  first  rib  was  2^  inch,  the  manubrium  was  under 
2  inches,  and  the  gladiolus  over  4  inches. 

On  either  side  eight  ribs  articulated  symmetrically  with  the  sternum. 

In  the  third  case  both  first  and  second  costal  cartilages  were  fused 
in  half  an  inch  of  their  extent  The  manubrium  was  1^  inches,  and 
the  gladiolus  4^  inches  long.  There  were  on  either  side  eight  costal 
cartilages  articiUating  asymmetrically  with  the  sternum.  As  one  would 
expect,  the  first  and  second  alone  of  the  upper  costal  cartilages  ever  unite. 

This  new  specimen  existed  in  the  body  of  a  well-built  male  subject 
with  a  good  large  chest 

The  greatest  span  of  the  right  first  rib  was  Sf  inches.  That  of  the 
left  was  3|  inches. 

The  span  of  the  right  second  rib  was  a  third  of  an  inch  greater 
than  that  of  the  left 

The  manubrium  was  2|  inches  long,  the  gladiolus  4^  inches. 
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There  were  seven  riba  articulating  symmetrically  with  the  sternum. 

The  twelfth  rib  was  6  inches  long. 

The  first  and  second  right  costal  cartilages  were  normal  in  their 
form  and  arrangement  The  first  was  ossified  nearly  throughout,  and 
presented  an  arthrodial  articulation  in  the  normal  situation. 

The  two  upper  left  cartilages  were  fused  in  the  inner  inch  of  their 
extent,  five-eighths  of  the  first  being  free  and  half  an  inch  of  the 
second.  The  fused  cartilage,  as  in  fig.  6  referred  to  above,  only 
articulated  by  a  small  surface  with  the  gladiolus. 

I  would  call  attention  to  the  extent  to  which  this  fused  cartilage 
has  undergone  ossification.  That  part  of  it  formed  by  the  first  costal 
cartilage  was  completely  ossified,  and  presented  an  arthrodial  joint  at 
its  outer  extremity,  that  portion  wMch  was  not  fused  articulating 
with  the  fused  part.  The  line  of  ossified  cartilage  crossed  obliquely 
downwards  and  inwards  that  part  of  the  fused  cartilage  corresponding 
to  the  second  costal  cartilage,  the  reTrvainder  of  it  being -free  from  any 
osseous  change.  There  was  no  ossification  of  the  other  costal  cartilages. 
Though  the  whole  of  the  fused  cartilage  was  subject  to  the  same 
influence  in  respiration  as  was  the  first  costal  eaHilage  on  the  right 
side,  yet,  as  we  have  seen,  only  that  portion  of  the  fused  cartilage  cor- 
responding  to  the  first  costal  cartilage  underwent  any  osseous  change, 
and  the  process  of  ossification  was  so  far  advanced  as  to  necessitate 
the  presence  of  a  loose  arthrodrial  articulation. 

In  previous  papers^  in  the  Trans.  Path.  Sac.  I  have  de- 
scribed the  mode  of  formation  of  this  joint  in  the  ossified 
cartilage,  first  in  the  sternum,  and  in  the  articulations  con- 
nected with  it,  also  the  joint  formation  in  the  less  frequently 
ossified  lower  cartilages.  I  ascribed  the  joint  formation  in  the 
first  cartilage  as  being  due  to  two  factors,  the  movements  of  re- 
spiration and  the  leverage  action  of  the  clavicle  on  the  manubrium 
and  first  costal  arch.  I  considered  that  the  ossification  of  the 
first  cartilages,  at  a  period  long  antecedent  to  thai  of  the  other 
cartilages,  was  due  almost  entirely  to  the  strain  exerted  on 
it  by  force  transmitted  through  the  clavicle.  I  then  supposed 
that  the  leverage  action  of  the  clavicle  and  Ihe  movements  of 
the  sternum  in  r^spiratioi)  were  the  causes  which  determined 
the  joint-formation  in  tiie  ossified  cartilage,  and  that  of  these 
two  the  former  was  the  most  important  factor  in  its  production. 

I  think  the  conditions  presented  by  this  fused  first  cartilage 
go  far  to  prove  the  truth  of  that  hypothesis.  Against  it,  how- 
ever, there  is  the  fact  that  where  other  cartilages  besides  the 

^  **  Case  of  Costo-chondral  DiBlocation,"  vol.  xxxiv. ;  **  Mode  of  Fracture  of 
the  Sternum,"  vol.  xxxv. ;  **  Mode  of  Fracture  of  First  Rib  alone,"  voL  xxxvi. 
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first  ossify,   they  also  develop  an  articulation.    For   farther 
details  I  would  refer  to  the  papers  already  meutioned. 

This  man  had  been  a  labourer,  and  his  spinal  column  showed 
extensive  pressure  changes. 

Tioo  Svhjects  with  Six  Lumbar  Vertebrce,  the  First  Lumbar 
Vertebra  in  one  possessing  Lumbar  JRibs.  Bifid  spinous 
Processes  in  Lower  Dorsal  Region,  Separation  of  the  First 
Piece  of  the  Sacrum,  Fusion  of  the  Sacrum  and  First 
Lumbar,  &c. 

Before  commencing  the  description  of  these  cases,  I  will 
refer  for  the  third  time  to  the  case  in  which  there  were  thirteen 
cervico- dorsal  vertebra  bearing  ribs,^  besides  seven  cervical  and 
five  lumbar  vertebrae.  In  that  paper  I  entered  into  what  now 
appears  to  me  to  have  been  rather  a  barren  discussion,  namely, 
as  to  whether  the  extra  vertebra  was  a  dorsal  vertebra  with  ribs 
deficiently  developed,  or  an  eighth  cervical  with  cervical  ribs, 
and  I  then  concluded  in  favour  of  the  last  supposition.  The 
question  would  now  appear  to  be  a  less  obscure  and  a  more 
general  one. 

There  was  one  point  I  did  not  mention  in  that  paper  and 
which  will  bear  on  the  question.  It  is  one  that  must  be  of 
great  obstetric  interest.  That  is,  that  the  oval  facet  on  the 
upper  surface  of  the  sacrum  occupied  a  lower  position  than 
usual,  and  that  the  line  prolonging  its  direction  forwards  cut  the 
symphysis  just  below  its  upper  margin.  The  reason  I  did  not 
describe  this  at  that  time  was  because  I  had  not  then  succeeded 
in  separating  very  distinctly  the  various  modifications  in  form 
which  the  lower  part  of  the  spinal  column  undergoes  under  the 
influence  of  continued  and  exaggerated  superjacent  pressure,  or 
of  ordinary  pressure  acting  on  an  enfeebled  subject,  and  I  then 
thought  that  the  condition  of  the  sacrum  present  in  this  subject 
was  produced  in  a  like  manner,  especially  as  there  were  marked 
pressure  changes  in  the  whole  column.  Thinkiog  it  had  no 
bearing  on  the  subject  under  discussion,  I  left  it  out  of  the 
paper. 

Since  that  time  I  have  been  able  to  separate  and  classify  the 

^  '*  Suporiiumerary  Cervico-Dorsal  Bearing  Ribs,"  Journal  ofAnaL  and  Phys., 
1885. 
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pressure  changes  in  the  lower  part  of  the  spinal  column,  and  I 
have  described  them  fully  in  a  paper  ^  in  the  Transactions  of  the 
Pathological  Society.  I  then  found  that  the  conditions  pre- 
sented by  this  sacrum  were  quite  distinct  from  those  produced  by 
pressure,  though  resembling  them  su{)erficially.  I  was  also  able 
to  show  in  that  paper  that  the  larger  number  of  the  numerous 
modifications  in  form  of  the  lumbar  and  sacral  spinous  processes, 
and  in  the  form  and  direction  of  the  articular  processes,  were  due 
to  pressure,  and  were  not  instances  of  congenital  deviations  from 
the  normal,  as  supposed  up  to  the  present  time  by  those  who 
have  observed  them. 

Oh  examining  other  specimens,  in  which  there  were  six 
lumbar  vertebrsB,  I  found  the  same  condition  of  the  sacrum 
present. 

In  the  normal  sacrum,  if  the  direction  of  the  plane  of  the  oval 
articular  surface  be  continued  forwards,  it  will  be  seen  to  pass 
about  an  inch  and  a  half  above  the  symphysis,  and  the  upper 
limit  of  the  sacral  body  is  found  to  be  considerably  above  the 
level  of  the  brim  of  the  true  pelvis. 

With  these  facts  before  me,  I  examined  the  two  following 
cases  very  thoroughly  with  the  view  of  clearing  up  the  difficulty. 

The  first  subject  was  a  well-formed  male,  above  the  average  height. 
His  hones  were  dense  and  strong,  and  he  still  retained  most  of  his 
teeth. 

The  spinal  column  showed  no  marked  pressure  change.  The  luihbat 
convexity  was  very  prominent,  and  much  longer  than  usual. 

The  direction  of  the  oval  facet  on  the  upper  surface  of  the  sacrum 
cut  the  symphysis  immediately  below  its  upper  limit,  and  the  facet  was 
seen  to  be  on  the  same  level  as  the  ileo-pectineal  line,  therefore  con- 
siderably below  its  normal  position. 

As  a  result  of  this,  the  upper  aperture  of  the  true  pelvis  was  heart- 
shaped,  the  apex  of  the  heart  corresponding  to  the  back  and  of  the  sym- 
physis, and  being  therefore  flattened.  The  true  pelvis  was  small,  and 
its  autero-posterior  diameter  at  the  inlet  particularly  so.  I  have  unfor- 
tunately mislaid  the  measurements. 

There  were  six  lumbar  vertebrae,  the  uppermost  having  on  either 
side  ribs  one  inch  long,  and  articulating  with  either  side  of  the  body 
by  a  small  facet  with  a  synovial  membrane,  and  posteriorly  with  the 
small  transverse  process.  The  transverse  process  of  the  third  lumbar 
vertebra  was  longer  than  any  of  the  others.  The  first  lumbar  nerve 
gave  off  the  ilio-hypogastric  and  the  ilio-inguinal,  the  second  gave  off 

>  **  Pressure  ChaDges  in  the  Lower  Part  of  the  Spinal  Column,"  vol  xxxvL 
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the  genito-crural,  and  the  ohtarator  and  anterior  ciural  nerves  came  off 
from  the  second,  third,  and  fourth  lumbar  nerves.  The  fifth  lumbar 
passed  down  over  the  upper  surface  of  the  sacrum,  and  gave  off  the 
superior  gluteal.  The  sixth  lumbar  nerve  passed  down  to  form  part 
of  the  sacral  plexus.  The  first  sacral  nerve  joined  with  the  two  last. 
The  second  sacral  nerve  was  small  compared  to  the  first,  and  was  no 
larger  than  the  normal  third  sacral.  There  was  a  very  small  third 
sacral,  and  it  took  the  normal  distribution  of  the  fourth.  The  fourth 
resembled  in  distribution  the  normal  fifth ;  it  did  not  enter  into  the 
formation  of  the  sacral  plexus. 

On  making  a  vertical  median  section  of  the  lumbar  spine  and 
sacrum,  the  latter  bone  was  seen  to  consist  of  five  parts,  the  limits 
of  the  bodies  of  the  first  three  being  still  indicated  by  layers  of  fibrous 
tissue. 

On  comparing  with  this  section  another  obtained  from  a  normal 
column,  it  was  then  seen  that  the  first  piece  of  the  sacrum  had  become 
separated  so  as  to  form  the  sixth  lumbar  vertebra,  which  the  first 
coccygeal  had  united  with  the  sacrum,  so  that  it  still  consisted  of  five 
pieces.  As  we  have  already  seen,  the  mode  of  distribution  of  the 
sixth  lumbar  was  that  of  the  normal  first  sacral. 

On  removing  the  fibro-cartilage  between  the  sixth  lumbar  vertebra 
and  sacrum,  and  then  making  these  two  bones  articulate  directly,  the 
appearance  given  by  the  normal  sacrum  is  obtained. 

This  shows  that  at  least  in  this  case  and  in  similar  ones  an  extra 
vertebra  is  not  interposed  between  the  occiput  and  attachment  of  the 
iliac  bones  to  the  spine,  but  that  the  first  sacral  vertebra,  which  does 
not  seem  to  form  a  necessary  part  of  the  sacro-iliac  articulation,  is 
separated  from  the  rest  of  the  bones,  the  sacrum  having  joined  to  it 
the  first  coccygeal  vertebra.  Modifications  in  the  form  of  the  thorax 
are  also  present  in  these  cases  of  dissociated  first  sacral  vertebrae,  and 
they  consist  in  an  increase  in  the  size  of  the  lower  part  of  the  chest, 
and  a  corresponding  decrease  in  the  capacity  of  the  upper  part.  In 
this  subject  the  manubrium  was  one  and  a  half  inches  long.  The  span 
of  the  first  rib  was  two  and  three-quarter  inches.  Eight  cartilages 
articulated  symmetrically  with  the  sternum,  and  the  twelfth  ribs  were 
more  than  7  inches  long.  The  costal  cartilages  were  shorter  than 
usual,  but  they  were  equal  on  both  sides.  The  pleura  extended  for 
an  inch  and  a  half  below  the  lower  margin  of  the  last  rib. 

The  LOWER  LIMIT  OF  THE  PLEURA  is  a  point  that  deserves  much 
attention,  especially  now  that  the  kidney  is  bo  frequently  re- 
moved or  explored  from  the  loin,  since  opening  of  the  pleural 
cavity  at  this  point  has  caused  both  immediate  and  subsequent 
danger.  This  I  have  alluded  to  in  describing  the  operation.^ 
The  lower  limit  of  the  cavity  behind  can  be  determined  clinically 
by  measuring  the  lower  ribs,  and  especially  the  twelfth. 

^  * 'Nephrectomy:*'  Manual  of  OpercUive  Surgery, 


SOME  VARIATIONS  IN  THE  HUMAN  SKELETON.  401 

It  will  be  found  that  if  the  twelfth  ribs  are  aiider  two  inches 
in  length,  the  pleura  may  not  even  reach  its  upper  margin,  or,  at 
the  most,  it  may  extend  but  a  little  way  over  the  inner  half  of 
its  anterior  surface. 

As  the  length  of  this  rib  increases,  the  pleura  extends  still 
lower  down,  and  in  some  instances,  as  in  that  just  described,  it 
may  reach  a  point  an  inch  and  a  half  below  the  lower  border  of 
the  rib. 

If  the  last  rib  be  over  two  inches  in  length,  the  lower  limit 
of  pleura  crosses  it  dbligudy  at  its  centre^  so  that  it  bears  a  direct 
relation  to  the  length  of  the  rib.  This  relationship  of  the  pleura 
to  the  length  of  the  last  rib  shows  that  there  need  be  no  risk 
of  opening  this  cavity  in  the  ordinary  operation  of  lumbar 
nephrectomy.  In  the  description  of  the  extent  of  the  pleura  in 
Qvuin,  voL  ii.,  the  following  somewhat  vague  reference  is 
made : — *'  Behind,  the  lower  extent  of  the  pleura  is  as  far  down 
as  the  vertebral  end  of  the  twelfth  rib,  or  even  in  some  cases  as 
far  as  the  transverse  process  of  the  first  lumbar  vertebra."  The 
great  and  frequent  variations  in  the  length  of  the  lower  ribs,  not 
always  on  both  sides,  and  the  consequent  modifications  in  the 
form  of  the  thorax,  are  not  considered  by  anatomists  in  their 
description  of  the  pleural  limits.  For  instance,  Luschka  says 
that  in  the  axillary  line  the  right  pleura  extends  down  to  the 
lower  edge  of  the  ninth  rib,  while  the  left  pleura  reaches  to  the 
upper  edge  of  the  tenth.  In  the  many  bodies  I  have  examined 
for  this  purpose,  I  have  been  unable  to  verify  this  greater  down- 
wards extent  of  the  pleura  on  the  left  side ;  in  fact  I  have  found 
the  reverse  more  frequently  true.  Taking  the  average  of  a 
number  of  cases,  the  lower  limit  of  the  pleura  crossed  the 
seventh  costal  cartilage  obliquely  about  three-quarters  of  an 
inch  below  its  articulation  with  the  rib,  then  the  end  of  the 
eighth  rib,  or  the  cartilage  immediately  below  it,  the  ninth  rib  a 
quarter  of  an  inch  above  its  extremity,  the  tenth  rib  three- 
quarters  of  an  inch,  and  the  eleventh  one  and  a  quarter  inches 
from  its  outer  end.  In  the  axillary  line,  which  is  at  least  some- 
times defined  as  a  line  passing  vertically  down  from  the  head  of 
the  humerus,  I  found  that  in  the  large  majority  of  cases  the 
lower  limit  crossed  the  tenth  space  or  the  eleventh  rib,  not 
unfrequently  lower  on  one  side  than  on  the  other,  but  not  much 
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more  frequently  on  one  side.  Lnsehka  probably  nsed  the  term 
in  a  difiTerent  acceptation,  yet  that  fact  would  not  modify  the 
relative  extent  of  the  limit  on  both  sides. 

The  second  case,  in  which  there  were  six  lumbar  vertebrse, 
resembled  the  last  pretty  closely.  It  was  also  a  male  subject. 
The  lower  part  of  the  chest  was  relatively  large  and  the  upper 
part  small.  The  sternum  had  been  removed  before  the  subject 
came  into  the  room.  The  subclavius  muscle  was  abnormal  on 
both  sides,  the  tendon  splitting  into  two  divisions,  of  which  each 
had  a  muscular  belly,  one  being  attached  to  the  upper  margin 
of  the  scapula,  and  the  other  to  the  normal  attachment  of  the 
muscle  to  the  clavicle.  The  sacrum  consisted  of  five  pieces,  but 
on  making  a  vertical  median  section  of  the  pelvis  it  was  seen  that 
the  last  piece  was  the  first  coccygeal,  which  had  become  fused  to 
the  sacrum.  The  pelvis  presented  the  same  changes  as  those 
described  in  the  last  case.  It  was  small,  considering  that  the 
man  was  much  above  the  average  in  size  and  build.  The  upper 
aperture  of  the  true  pelvis  was  typically  heart-shaped.  Its 
antero^posterior  diameter  was  only  three  and  a  half  inches,  while 
its  greatest  transverse  diameter  measured  five  and  a  quarter  inches. 
In  the  average  male  pelvis  these  diameters  are  four  iuches  and  four 
and  a  half  inches  respectively,  so  in  this  case  the  conjtigcUe  was 
consideraUy  decreased,  while  the  transverse  diameter  was  increased, 
7he  interval  between  the  anterior  superior  spines  was  ten  inches, 
the  normal  being  seven  and  three-quarter  to  eight  and  three- 
quarter  inches.  The  sacro-vertebral  angle  measured  130%  this 
angle  averaging  usually  from  110°  to  125%  The  breadth  of  the 
sacrum  was  about  normal,  namely,  four  and  a  half  inches. 

The  separated  first  sacral  vertebra  resembled  the  last  lumbar 
in  appearance,  except  that  the  right  transverse  process  was  very 
large  and  articulated  with  the  surface  of  the  ilium  by  an  ex- 
panded flat  facet.  The  left  transverse  process  was  longer  than 
that  of  the  normal  fifth  lumbar.  The  formation  of  the  lumbar 
and  sacral  plexuses  was  identical  with  that  described  in  the 
last  case. 

The  lumbar  curve  was  very  prominent  indeed,  producing 
well  marked  lordosis,  and  consequent  backward  protrusion  of 
the  buttock  and  an  increased  obliquity  of  the  position  of  the 
pelvis.     This  condition  of  sacral  dissociation  is  probably  the 
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reason  of  the  lordosis  and  considerable  gluteal  prominence  which 
one  sees  occasionally,  and  which  dates  back  in  these  cases  to 
early  life.  It  may  be  very  easily  overlooked,  as  the  superficial 
deviations  from  the  normal  are  very  sUght  indeed. 

The  spinous  processes  of  the  lower  two  dorsal  vertebrae  and 
the  upper  three  lumbar  vertebrae  were  very  peculiar.  The 
spine  of  the  tenth  dorsal  vertebrae  was  very  broad  and  expanded 
at  its  posterior  extremity,  where  it  presented  a  vertical  groove 
in  its  centre.  The  spine  of  the  eleventh  dorsal  was  also  very 
thick  and  strong.  It  was  completely  bifid  at  its  extremity,  the 
divisions  also  being  thick  and  strong.  That  of  the  twelfth  was 
similar  in  form,  except  that  both  the  spine  and  its  bifurcation 
was  even  stronger.  The  spine  of  the  first  lumbar  vertebra  was 
very  thick,  and  terminated  in  a  great  fiat  end,  measuring  trans- 
versely three-quarters  of  an  inch,  and  five-sixths  of  an  inch  in 
the  vertical  diameter.  The  spine  of  the  second  lumbar  was 
similar  in  form  and  structure,  and  ended  in  a  smaller  plate  than 
the  last. 

The  spine  of  the  third,  fourth,  fifth,  and  sixth  were  like  those 
of  the  ordinary  lumbar  vertebra  in  form.  They  were  very 
strong,  but  their  depth  was  not  exaggerated,  so  that  they  did 
not  articulate  directly  with  one  another.  On  the  lower  margin 
of  the  second,  third,  and  fourth  lumbar  spines  there  were  on 
either  side,  at  a  point  half  an  inch  from  the  apex,  large 
prominent  nodules  receiving  the  insertion  of  tendons  of  the 
multifidus  spin^. 

Between  the  bifid  extremities  of  the  tenth,  eleventh,  and 
twelfth  dorsal  spines  and  the  spines  of  the  adjacent  vertebrae 
there  were  pairs  of  interspinous  muscles  covered  by  a  strong 
layer  of  supraspinous  ligament  Between  the  spines  of  the  first 
and  second  lumbar  vertebrae  there  was  a  single  layer  of  inter- 
spinous  muscle,  beneath  a  very  dense  supraspinous  ligament,  and 
between  the  spines  of  the  lower  lumbar  vertebrae  and  the  sacral 
spinous  process  there  was  an  extremely  thick  and  dense  liga- 
mentous tissue. 

The  erector  spinae  and  multifidus  spinae  muscles  in  the 
lumbar  region  were  remarkably  large,  and  the  aponeurosis 
covering  them  particularly  strong  and  dense. 

The  reason  of  all  this  increase  in  the  size  of  the  spinous  pro- 


404  80B(£  YABIATIONS  IN  THE  HUMAN  BEELETON. 

ce^^s,  and  in  the  bulk  and  strength  of  the  ligaments  and 
muscle,  was  to  compensate  for  the  greab  concavity  and  length  of 
the  lumbar  region,  and  the  consequent  greater  force  required  to 
raise  the  flexed  upper  part  of  the  trunk  upon  the  sacrum. 

I  have  never  before  seen  this  splitting  and  enlargement  of  the 
lumbar  and  dorsal  spines  which  were  present  in  this  specimen, 
nor  have  I  read  of  it  anywhere. 

The  necks  of  the  thigh-bones  joined  the  shaft  at  an  extremely 
oblique  angle.  I  mention  this  fact  ad  I  see  that  the  same  remarkable 
obliquity  of  the  neck  was  present  in  a  specimen  of  what  appears  to 
have  been  dissoeiated  first  sacral  vertebra^  which  is  described  by 
Professor  Strathers  in  page  83,  "  Variations  of  the  Vertebrae  and  Ribs 
in  Man." 

This  man  also  had  a  remarkably  large  head,  whose  increase  in  size 
was  most  marked  in  its  antero-posterior  diameter.  The  left  side  was 
the  larger  throughout.  The  increase  in  the  transverse  diameter  and 
the  decrease  in  the  conjugate  diameter  of  the  brain  are  in  a  diriBction 
the  reverse  of  retrocession  to  a  lower  type,  as  is  also  the  increased 
capacity  of  the  cranial  cavity. 

With  this  case  we  might  compare  an  example  of  fusion  of  the  sacrum 
with  the  fifth  lumbar  vertebra.  This  is  distinctly  a  condition  of  retro- 
cession, as  the  last  lumbar  vertebra  not  unfrequently  joins  with  the 
sacrum  in  the  gorilla,  orang,  and  chimpanzee.  It  was  a  male  subject, 
whose  chest  was  of  an  average  size,  the  manubrium  and  gladiolus 
having  their  average  relative  size.  The  last  ribs  were  about  8 
inches  long,  consequently  there  was  but  a  narrow  interval  between  it 
and  the  iliac  crest.  The  margin  of  the  fifth  lumbar  was  united  to 
the  first  sacral  by  bone,  the  intervening  fibro-cartilage  being  mubh 
diminished  in  depth.  The  lumbar  vertebrse  formed  with  the  sacrum 
an  angle  of  145*.  The  conjugate  of  the  brain  measured  4^  inches, 
and  the  transverse  diameter  8^  inches.  The  neck  of  the  femur  joined 
the  shaft  at  an  angle  slightly  less  than  normal.  This  was  not  &  very 
typical  case  of  fusion  of  the  sacral  and  last  lumbar  vertebrae,  as  the 
union  of  these  two  bones  was  not  complete.  After  the  bone  connect- 
ing their  margins  had  been  ciit  through  with  the  contained  fibro-carti- 
lage, the  laminsB  and  spinous  processes  were  fbuhd  to  be  quite  free, 
the  articular  surfaces  of  the  last  lumbar  vertebra  lobking  directly  for- 
wards. Probably  on  this  account  the  pelvis  doiBS  not  deviate  very 
markedly  from  the  normal 


NOTE  ON  A  CASE  OF  BICIPITAL  EIB.  By  R  L  Mao- 
DONNEIX,  M.D.,  Demonstrator  of  Anatomy  in  MOill 
University,  Montreal. 

The  recent  article  of  Professor  Turner  on  "  Cervical  Ribs  and 
the  so-called  Bicipital  Sibs  in  Man/'  in  the  Jov/mal  of  Anatomy 
and  Physiology,  voL  xvii.,  as  well  as  his  previous  contribution 
on  the  subject  of  the  so-called  two-headed  ribs  in  whales  and  in 
man,  vol.  v.,  leaves  very  little  to  be  said  upon  the  subject  of 
fused  ribs ;  but  inasmuch  as  the  occurrence  of  this  abnormality 
is  rare,  it  may  be  well  to  place  upon  record  a  description  of  a 
case  of  bicipital  rib  which  came  under  my  notice  in  the  dis- 
secting-room of  M'Gill  University  in  the  winter  session  of 
1884-85. 

In  a  male  subject  the  first  and  second  ribs  on  the  right  side 
were  joined  up  to  a  distance  of  an  inch  from  their  cartilages. 
The  first  rib  has  a  normal  head  articulating  in  the  usual  manner 
with  the  first  dorsal  vertebra.  The  neck  of  the  rib  is  rather 
more  bent  upon  the  shaft  than  is  usually  the  case,  and  its  width 
from  before  backwards,  at  the  tubercle  is  beyond  the  normal. 
The  junction  with  the  second  rib  takes  place  at  a  distance 
of  five-eighths  of  an  inch  from  the  tip  of  its  tubercle,  the  fusion 
being  apparently  from  above  downwards,  as  if  the  ribs  were 
laid  one  on  the  top  of  another.  For  a  little  more  than  one-half 
the  distance  between  the  tubercle  and  the  sternal  extremity, 
the  first  rib  in  outline  is  distinct  from  the  second,  there  being 
a  shallow  groove  between  the  two  bones,  but  after  this  point 
the  junction  of  the  two  ribs  tal^es  place  more  by  their  bor- 
ders than  by  their  surfe^ces,  so  thi^t  they  form  a  large  flat 
plate  of  bone  gradually  spreading  out  to  a  maximum  width 
of  two  inches.  On  holding  the  specimen  up  to  the  light  the 
two  ribs  are  seen  to  be  separated  frqn^  que  another  by  a  very 
thin  transparent  plate  of  bone  for  a  dieitance  of  half  an  inch 
from  their  point  of  fusion.  On  the  outer  surface  of  the  fused 
body  there  is  the  usual  rougt^  surface  on  the  second  rib  for 
the  attachment  of  the  serratus  magpus  muscle.  The  rough 
line  commonly  seen  on   the   upper   surface   of   the  first  rib. 
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which  gives  attachment  to  the  scalenus  mediae  is  not  dis- 
tinctly marked  upon  the  first  rib,  but  is  plainly  seen  extend- 
ing from  its  usual  site  over  that  portion  of  the  fused  body 
which  belongs  to  the  second  rib.  The  scalene  tubercle  is  not 
distinct.  The  bifurcation  takes  place  anteriorly,  at  a  distance 
of  3  inches  from  the  tubercle  of  the  first  rib.  The  upper 
branch  of  it  ends  abruptly  in  the  cartilage  of  the  first  rib, 
while  the  lower  branch,  the  continuation  of  the  second  rib,  is 
one  and  a  half  inches  long,  three-quarters  of  an  inch  wide  at 
its  outer,  and  one-third  of  an  inch  wide  at  its  sternal  end. 
The  costal  cartilage  to  which  this  lower  branch  is  attached 
ends  in  the  usual  position  of  the  second  costal  cartilage. 

On  the  under  surface  the  fused  body  presents  a  smooth 
surface  for  the  protection  of  the  upper  part  of  the  pleural 
cavity. 

Owing  to  an  unfortunate  occurrence, — the  removal  of  the 
ribs  soon  after  their  peculiarity  had  been  observed, — I  am 
unable  to  give  any  account  of  the  dissection  of  the  soft  parts. 

In  this  same  subject  it  was  found  on  cleaning  the  skeleton 
that  the  first  dorsal  vertebra  presented  a  remarkable  abnor- 
mality. The  laminse  of  the  neural  arches  of  each  side  do 
not  run  on  the  same  plane,  the  one  with  the  other ;  but  one, 
that  of  the  left  side,  is  higher  than  that  of  the  right,  so  that 
the  spine  of  the  vertebra  is  formed  by  the  placing  of  one 
lamina  over  the  other. 
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We  learn  from  the  best  authorities  oq  the  subject,  and  those 
who  have  given  special  attention  to  the  FsUtad,  that  we  may 
reckon  something  over  three  hundred  and  fifty  well  determined 
species  of  Parrots  in  the  world's  fauna,  so  far  as  it  is  at  present 
known.    The  strongly  marked  characters  and  bhe  unmistakable 
external  appearance  of  any  of  the  forms  that  go  to  make  up  this 
wonderfully  interesting  group  of  birds,  have  long  served  to 
clearly  distinguish  them  from  other,  and  perhaps  not  so  well 
defined,  orders  of  the  class.     Fortunate  as  ornithologists  have 
been  in  this  respect,  the  matter  of  drawing  the  lines  for  the 
minor  divisions  used  in   classification  has,  since  the  earliest 
days  of  the  science,  owing  to  the  perplexing  interrelation  of  the 
majority  of  the  forms,  proved  a  far  more  difficult  task.    The 
several  schemes  proposing  aS  many  arrangements  into  families 
were  all  more  or  less  unsatisfactory,  until  the  subject  came 
under  the  master-hand  of  Garrod,  who,  through  his  able  and 
well-directed  investigations  into  the  structure  of  the  leading 
types  of  the  order,  showed  how  the  entire  group  could  first  be 
divided  into  two  primary  series,  viz.,  the  Pal^ornithid^,  and 
the   PsiTTACiD^.^    The  former  qf  these  (excepting   Caoatiui) 
having  two  carotids,  the  left  oqe  being  normal,  and  no  ambiens 
muscle ;  while,  on  the  other  hand,  the  remaining  series  have  the 
two  carotids  present,  the  left  one  being  superficial,  and  the  am- 
biens, present  in  some  of  its  gepera,  is  found  to  be  missing  in 
others. 

Fourth  among  the  divisions  of  the  second  series,  or  in  the 
Psittaddce,  we  find  the  Arince,  characterised  by  the  presence  of 
the  ambiens  muscle,  tufted  oil-gland,  and  unioa  of  the  clavicles 
at  their  lowest  and  median  point,  into  a  complete  os  furculum. 

^  Garrod,  A.  H.,  "On  some  Points  in  the  Anatomy  of  the  Parrots,  which  bear 
on  the  Classification  of  the  Sab-order,"  (P.  B,  S,,  1874,  pp.  58d>-98). 
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To  this  sub-family  AHnce  belongs  the  sole  representative  of 
the  Order  in  the  avifauna  of  the  United  States,  the  Carolina 
parrot,  and  it  is  to  the  description  of  the  skeleton  of  this  form 
that  the  present  memoir  is  devoted. 

Formerly  the  geographical  distribution  of  this  bird  spread 
over  a  much  larger  area,  but  of  late  years,  between  the  interests 
of  feather-dealers,  and  its  general  wanton  destruction,  the  com- 
plete extermination  of  the  species  seems  to  be  as  certain  as  it  is 
no  less  a  much  to  be  regretted  fact. 

My  first  attempts  to  secure  a  skeleton  of  this  bird,  for  the 
purpose  of  description,  failed,  and  it  was  not  until  Mr  James 
Bell  of  Gainesville,  Florida,  cheerfully  came  to  my  assistance 
that  success  at  last  was  met.  This  gentleman,  always  ready 
with  his  aid  in  the  interests  of  science,  forwarded  me  two  very 
complete  skeletons,  a  male  and  a  fe^iale  of  this  species,  to  meet 
the  end  I  had  in  view. 

This  very  acceptable  gift  came  to  my  hands  in  March  1885, 
at  a  time  when  every  moment  of  my  spare  hours  was  being 
devoted  to  a  large  mass  of  material,  chiefly  osteological,  illus- 
trating the  American  sub-polar  avifauna,  and  belonging  to  the 
Smithsonian  Institution,  bo  that  it  was  not  possible  until  the 
present  month,  August  1885,  when  my  labours  in  that  direction 
ceased,  that  I  could  at  last  give  my  attention  to  placing 
on  record  an  account  of  the  skeleton  of  our  little  Carolina 
parroquet. 

Of  the  two  skeletons  in  question,  I  chose  the  male  to  make 
my  drawings  from  in  the  plates,  and  I  found  it  to  be  somewhat 
larger  than  the  female  specimen.  Notwithstanding,  both  were 
evidently  adults. 

Of  the  Skull  (PL  X.  figs.  1-4). — In  Conurus  the  culmen  of 
the  superior  mandible  or  its  middle  line  lies  in  the  arc  of  a 
circle  extending  from  the  cranio-facial  axis  to  the  tip  of  this 
part  of  the  beak.  Posterior  to  the  subcircular  osseous  nares 
this  culmenar  surface  is  broad  and  nearly  flat,  but  beyond  these 
apertures  it  is  convex,  both  transversely,  and  as  has  been  said, 
along  its  middle  line.  The  deutary  margins  of  this  mandible 
are  cultrate  and  deeply  notched  at  their  middle  points,  as  shown 
in  figure  1,  where  the  skull  is  represented  upon  lateral  aspect 

Complete  absorption  of  the  nasal  bones  has  taken  place,  so 
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that  Id  the  adult  their  existence  would  never  be  suspected,  and 
their  exact  limits  can  only  be  guessed  at,  as  no  sutural  traces 
remain. 

The  under  side  of  this  mandible  is  bounded  behind  by  a 
straight,  transverse  line,  beneath  which  the  palatines  are  in- 
serted. Its  general  surface,  otherwise,  is  unbroken,  and  evenly 
concave  throughout  (fig.  4). 

The  interior  of  this  part  of  the  skull  is  more  or  less  filled  up 
with  an  osseous,  spongy  tissue,  that  presents  a  more  compact 
nature  where  it  forms  the  anterior  wall  to  the  rhinal  chamber* 
One  cannot  very  well  judge  as  to  how  much,  if  any,  of  this 
structure  can  be  claimed  as  representing  the  maxill'o-palatines 
in  this  parrot. 

Speaking  in  general  terms,  Professor  Huxley  says  of  the 
PsUtad  that  *'  the  maxillo-palatines  are  very  large  and  spongy 
in  texture,  and  unite  with  one  another  and  with  the  ossified 
nasal  septum  so  as  to  fill  up  almost  the  whole  base  of  the  beak. 
Above,  however,  a  nasal  passage  is  left  on  each  side;  and, 
below  the  maxillo-palatines  stop  short,  so  that,  in  the  dry  skull, 
a  passage,  leading  into  the  cavity  of  the  rostrum,  is  left  on  each 
side  of  the  septum.'^^ 

These  remarks  are  illustrated  by  the  under  view  of  the  skull  of 
Cacatua  galerUa,  which  bird,  I  think,  from  the  drawing,  must 
have  its  nasal  septum  as  well  as  this  spongy  mass  which  sur- 
rounds, produced  much  further  backwards  than  it  is  in  the 
subject  we  have  in  hand.  However,  the  parts  no  doubt  are 
homologous  in  both  of  these  forms,  though  one  would  hardly 
have  suspected  the  mass  in  question  to  have  represented  a  part 
of  the  skull  deserving  of  a  special  name,  had  the  Carolina  parrot 
been  the  only  bird  examined. 

Among  the  points  that  have  always  attracted  the  most 
attention  in  the  skeleton  of  the  Psittad,  the  cranio-facial  hinge 
is  here  in  Coruurus  as  perfect  in  its  mechanism  as  we  perhaps 
will  find  it  in  any  of  the  order. 

Its  structure  is  too  well  known  to  enter  upon  its  details  here ; 
I  find,  however,  that  neither  in  this  parrot  nor  any  other  of  the 
group  that  I  have  ever  examined  is  this  feature  one  whit  better 
developed  than  it  is  in  Sida  bassana. 

^  Hozley,  T.  H.,  '*  On  the  ClaaBiacation  of  Birds,*'  P.  Z.  S.,  1867,  p.  442. 
VOL.  XX.  2d 


410  Dli  R.   W.   SHUFELDT. 

PasBiDg  now  to  other  parts,  we  find  the  union  between 
the  sphenotic  process  and  the  descending  portion  of  the  la- 
chrymal boae  to  be  complete,  forming  an  external  orbital 
periphery  or  ring,  which  is  very  nearly  circular  (figs.  1,  4,  or.). 

According  to  Parker,  this  is  through  the  intervention  of 
the  08  vmcinatum,  which  in  some  parrots,  by  union  with  the 
zgyomatic  process  of  the  squamosal,  bridges  over  the  temporal 
fossa.^ 

The  lachrymal  itself  has  indistinguishably,  so  far  as  a  suture  is 
concerned,  merged  above  with  the  frontal  bone,  while  its  union 
with  the  sphenotic  process,  just  alluded  to,  is  equally  well 
obliterated. 

Internally  it  unites  in  a  similar  manner  with  the  small 
pars  plana,  a  circular  foramen  for  the  olfactory  nerve  passing 
between  it  and  the  ethmoid,  while  externally  the  antero-inferior 
arc  of  the  orbital  ring  is  marked  by  a  longitudinal  concave 
notch. 

As  for  the  orbital  cavity  itself,  its  walls  are  but  fairly  entire, 
the  pars  plana  being  small,  and  the  exit  from  the  brain-case  for 
the  first  nerve  being  far  larger  than  this  branch  demands. 
Moreover,  the  palatinei^  being  vertical  plates  in  this  situation, 
and  the  pterygoids  slender,  the  floor  of  the  cavity  is  necessarily 
badly  provided  for  in  this  regard. 

In  both  these  specin^ens  the  foramina  for  the  exit  of  the  optic 
and  the  third,  fourth,  and  sixth  nerves  are  distinct,  and  scarcely 
any  greater  in  size  than  the  structures  they  are  designed  to 
transmit  are  in  calibre. 

The  interorbital  system  is  without  vacuities,  and  directly 
throughout  merges  with  the  rostrum  of  the  sphenoid  beneath  it, 
the  lower  margin  of  the  whole  plate  being  sharp,  both  inferiorly 
and  in  front. 

Anteriorly  the  ethmoid  bone  proper  is  very  broad,  being  spread 
out  as  an  abutment  against,  and  bordering  for  all  its  width,  the 
posterior  line  of  the  cranio-facial  hinge.  The  body  of  the  bone 
is  thickened  and  filled  in  with  diploic  tissue. 

That  portion  of  the  skull  which  lies  behind  and  below  the 
orbital  ring  presents  for  examination,  above  the  lateral  aspect  of 
the  evenly-convex  vault  of  the  cranium,  and  below,  the  long 

1  Parker,  W.  K.,  Morphology  of  Q^  ISkuU,  p.  264. 
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squamosal  process  separated  from  the  sphenotic  by  a  well- 
defined  valley. 

The  bony  ear  conch  is  circumscribed  by  sharp  margins,  while 
to  its  under  side  a  vertical  plate  is  thrown  down  the  temporal 
wing  of  the  exoccipital 

As  is  well  known,  the  characteristic  feature  of  a  parrot's 
quadrate  bone  is,  that  its  mandibular  facet  is  single,  and  placed 
in  such  a  way  that  its  long  axis  is  in  the  same  straight  line  with 
the  longitudinal  axis  of  the  pterygoid ;  to  the  possession  of  this 
narrow,  convex,  and  long  facet  Conurus  forms  no  exception. 
Above  it,  the  body  of  the  quadrate  is  flattened  from  side  to  side, 
with  a  conical  projection  on  its  outer  aspect,  posterior  to  its  middle 
point,  that  has  a  pit  as  its  apex  to  accommodate  the  apophysis 
on  the  inner  side  of  the  hinder  extremity  of  the  quadrato-jugal. 

The  orbital  process  of  the  quadrate  is  spiculaform  and  well 
developed,  while  the  mastoidal  limb  of  the  bone  rises  as  a  stout 
subcylindrical  rod,  with  two  convex  articular  facets  at  its 
summit  These  are  divided  by  a  notch,  and  the  inner  one  of 
the  two  is  very  small,  not  presenting  more  than  one-tenth  of 
the  amount  of  articular  surface  the  outer  one  does.  The  pneu- 
matic foramen  is  found  near  its  most  usual  place,  on  the  inner 
and  back  part  of  the  mastoidal  shaft 

Viewing  the  skull  now  from  above  as  shown  in  fig.  3,  wq 
observe  that  the  narial  apertures  can  also  be  seen  upon  thie^ 
aspect  surrounded  above  by  a  few  minute  vs^scult^r  foramina. 

The  cranio-facial  hinge  bordering  tl^e  superior  manc^ible 
behind,  is  found  to  be  a  transverse  and  depressed  line  extending 
all  the  way  across. 

Between  the  superior  orbital  peripheries  the  frontal  region  of 
the  skull  is  smooth  and  nearly  flat ;  as  we  proceed  backwards 
it  gradually  becomes  convex,  to  form  the  beautifully  rounded 
vault  of  the  cranium. 

A  few  perforating  foramina  are  found  just  within  the  two 
edges  of  the  orbits  in  the  frontal  bones. 

Turning  to  the  under  side  of  the  skull  (fig.  4),  the  most 
remarkable  feature  that  confronts  us  is  the  extraordinarily 
fashioned  palatines.  These  bones,  as  they  occur  in  the  Psittaci, 
have  been  described  by  a  number  of  anatomists,  so  their  pecu- 
liar conformation  is  well  known.      Conurvs,  like  most  true 
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parrots,  has  either  of  these  boaes  horizontally  flattened  in  front, 
where  it  is  inserted  above  the  hinder  portion  of  the  superior 
mandible  to  meet  the  lower  part  of  the  nasal  septum,  but  not 
the  palatine  of  the  opposite  side. 

Proceeding  backwards  from  this  horizontal  extremity,  the 
palatine  is  seen  to  contract,  then  immediately  afterwards  to 
form  a  broad,  oblong,  and  vertical  plate.  This  plate  has  a 
certain  limited  portion  of  its  antero-superior  part  curled  towards 
the  median  line,  where  it  meets  a  corresponding  edge  of  the 
fellow  of  the  opposite  side;  and  the  two  here  form,  by  the 
assistance  of  the  palato-pterygoidal  articulation,  the  usual  longi- 
tudinal groove  for  the  under  edge  of  the  rostrum. 

Behind  this  the  superior  margin  of  the  palatine  plate  is 
sharp,  and  has  the  anterior  two-thirds  of  the  corresponding 
pterygoid  resting  upon  it;  the  posterior  margin  shows  a  deep 
notch,  while  the  inferior  margin  of  this  part  of  the  bone  is 
rounded,  becoming  in  front  continuous  with  the  dilated  anterior 
end. 

Both  the  internal  aud  external  surfaces  of  these  palatine  plates 
may  develop  processes  and  ridges  for  the  better  insertion  of 
muscles^  which  in  life  are  thereto  attached.  A  broad,  spindle- 
shaped  vacuity  exists  between  these  palatines  in  front,  while 
posteriorly  the  angle  separating  their  plates  is  somewhat  less 
than  the  angle  of  divergence  of  the  pterygoid  bones  (fig.  4). 

These  latter  elements  are  long,  nearly  straight  and  cylindrical 
rods  articulating  as  shown  in  the  figures  in  the  Plate  (pt,). 
They  are  at  some  distance  below  the  basis  cranii ;  and  in  no 
parrot,  so  far  as  is  at  present  known,  do  they  develop  basiptery- 
goid  processes. 

The  maxillary  portion  of  either  of  the  infraorbital  bars  (mz.) 
is  inserted  by  a  somewhat  horizontally-flattened  end,  just  within 
the  posterior  edge  of  the  beak,  on  a  higher  plane  than  the  inser- 
tion of  the  palatines,  and  at  a  point  where  I  take  the  foot  of  the 
nasal  to  be.  The  remainder  of  the  bar  almost  immediately 
becomes  of  a  uniform  calibre,  and  at  first  being  concave  out- 
wards, passes  just  beneath  the  orbital  wiog,  directly  downwards 
and  backwards  to  its  articulation  with  the  quadrate   (fig.  4, 

At  the  cranial  base  we  find  a  basitemporal  area  of  small 
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extent,  triangular  in  outline,  bounded  on  all  its  sides  by  raised 
lines,  and  having  its  apex  directed  anteriorly,  terminating  at 
the  point  where  occurs  the  naked  and  external  double-tubed 
entrance  of  the  Eustachian  canals. 

On  either  side  of  these  apertures  are  seen  from  three  to  four, 
or  sometimes  only  two,  minute  foramina.  Well  to  the  outer 
sides  of  these  are  the  conspicuous  foramina  ovalia. 

As  has  already  been  said  in  a  former  paragraph,  the  temporal 
wings  of  the  exoccipitals  are  very  prominently  produced  ;  and, 
as  usual,  to  their  inner  sides  at  the  basal  angles  of  the  basi- 
temporal  triangle  are  found  the  ordinary  group  of  foramina  for 
the  entrance  and  exit  of  vessels  and  nerves. 

The  foramen  magnum  is  of  a  subcircular  outline,  and  the 
plane  of  its  periphery  makes  an  angle  of  some  20''  with  the 
backwardly-produced  plane  of  the  basis  cranii.  The  condyle  is 
comparatively  large,  hemispherical  in  form,  and  sessile. 

Bising  almost  perpendicular  to  the  basitemporal  triangular, 
the  occipital  area  is  well  defined  by  an  elliptical  bounding  arc, 
which  sweeps  round  on  either  hand  to  the  apices  of  the  temporal 
wings.  In  the  middle  of  this  space  a  moderately  prominent, 
unpierced,  supraoccipital  elevation  is  to  be  seen.  In  removing 
the  cranial  vault  I  find  that  the  tables  are  very  closely  jaxta- 
opposed,  and,  of  a  consequence,  but  a  little  diploic  tissue  present 
The  sevelral  cerebral  fosses  are  sharply  defined  by  out-jutting 
lamelliform  ledges  of  bone. 

At  the  base  of  the  sella  turcica  there  seems  to  be  but  one 
carotid  opening,  and  the  posterior  clinoid  wall  to  this  fossa  is 
very  thin,  and  usually  exhibits  one  or  two  perforations. 

The  mandible  (figs.  1  and  2)  of  Conv/nis  is  somewhat  horse- 
shoe shaped,  with  very  deep  and  smooth  ramal  sides,  which  are 
deficient  anteriorly,  leaving  a  semicircular  opening  with  cutting 
edge  all  round.  When  the  homy  mandibular  sheath  is  care- 
fully removed  in  the  fresh  specimen,  this  edge  has  filiform 
prolongations  of  soft  tissue  standing  out  from  its  middle  third 
below,  which,  after  they  have  dried  and  become  more  or  less 
shrunken,  look  something  like  a  row  of  delicate  teeth. 

The  ramal  sides  of  this  bone  slope  away  as  we  proceed  back- 
wards,  and  the  mandibular  ends  are  truncated  at  about  the 
same  angle. 
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To  the  inner  sides  of  these  articular  ends  a  ledge  is  thrown 
out  to  support  the  facet  for  either  quadrate.  Behind  these 
longitudinal  articular  grooves  single  pits  are  found,  at  the 
bases  of  which  the  pneumatic  foramina  occur. 

The  under  borders  of  the  mandible  are  smooth  and  rounded 

(fig-  2). 

Of  the  Hyoid  Arches  (PI.  X  fig.  5). — Notwithstanding  the 

fact  that  the  glossohyal  which  supports  the  thick,  short,  and 

fleshy  tongue  of  this  parrot  remains  in  cartilage  throughout  life, 

the  ceratohyals  (ch.)  are  very  completely  developed,  meet  in 

the  median  line,  and  ossify  up  to  the  very  hinder  body  of  this 

element  anterior  to  them.      Where  they  unite  at  the  mesial 

point  behind,  an  articular  surface  is  formed  for  the  first  basi- 

branchial  {bh*).     This  last-named  element  is  unusually  long, 

and  anchyloses  with  the  second  basibranchial  {b,hh.\  the  point 

of  mergence  being  enlarged  to  accommodate  the    heads   of 

ceratobranchials  {chr),  and  anteriorly  to  support  a  peculiar 

osseous  outgrowth  ((^.),  that,  so  far  as  I  am  at  present  informed, 

is  restricted  to  the  Psittad;  indeed,  this  is  the  only  form  in 

which  I  have  observed  this  latter  feature. 

The  ceratobranchials  (a&r.)  are  very  long,  subcylindrical,  and 
rather  stout  rods  of  bone;  while,  on  the  other  hand,  the 
epibranchials  {cbr.)  are  notably  short  and  but  feebly  developed. 
As  thus  constituted,  the  thyrohyal  elements  show  but  little 
curvature  along  their  continuities,  and  still  less  disposition  to 
curl  up  behind  the  cranium. 

Of  the  Bemainder  of  the  Axial  Skeleton  (PI.  XI.  figs.  8,  9, 
10,  13,  15,  17,  and  18). — Conurus  carolinensis  has  thirty-five 
vertebrse  in  its  spinal  column,  and  a  large  pygostyle  at  its 
terminal  extremity. 

The  ailae  is  characterised  by  a  broad  neural  arch  above, 
an  unperforated  cup  for  the  occipital  condyle,  and  a  prominent 
process  extending  backwards  from  the  pseudo-centrum  behind. 

Axis  vertebra  has  a  very  inconspicuous  odontoid  process, 
strongly  developed  neural  and  hypapophysial  spines,  and 
tuberous  postzygapophyses.  This  segment,  like  the  rest  of 
the  column  and  the  pelvis,  is  pneumatic;  to  this  statement, 
however,  the  last  five  caudal  vertebras  and  pygostyle  prove 
an  exception. 


I 
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Both  third  and  fourth  vertebrae  have  strong  bypapophysial 
spines,  and  nenral  ones  scarcely  less  marked.  In  these,  too, 
the  lateral  canal  are  seen,  but  the  processes  at  their  hinder 
margins  are,  as  yet,  but  feebly  produced.  The  zygapophysial 
arms  are  short,  and  their  being  joined  from  before  backwards 
in  each  case  by  bone  extension  lend  to  these  two  segments  a 
width  upon  their  dorsal  aspects  and  a  solid  appearance  not 
possessed  by  any  of  the  other  vertebrae  below. 

In  the  fifth  vertebra  the  dorsal  and  ventral  spines  have  lost 
not  a  little  of  their  prominence,  while  the  parapophyses  are 
much  longer.  This  segment  has  the  postzygapophyses  mani- 
festly lengthened,  whereas  but  little  change  has  taken  place  in 
the  anterior  pair. 

The  sixth  vertebra  loses  the  neural  and  bypapophysial 
spines  altogether ;  the  parapophyses  gradually  diminish  in  size 
from  this  segment  down  the  chain,  until  they,  with  the 
pleurapophyses,  again  become  prominent  as  free  ribs.  Like- 
wise the  neural  and  lateral  canals,  which  are  here  quite  small, 
also  increase  in  calibre  as  we  proceed  in  the  same  direction. 

This  vertebra  has  also  a  short  carotid  canal  present  in  place 
of  the  hypapophysis. 

And  this  last  feature  is  still  better  marked  in  the  seventh 
vertebra,  though  it  remains  open  below.  These  are  the  only 
two  which  have  it  in  this  parrot,  in  the  eighth  its  site  being 
again  occupied  by  a  low,  median  bypapophysial  spine. 

In  all  these  segments,  as  well  as  in  the  few  succeeding  ones 
that  we  find  before  coming  to  the  true  dorsals,  the  pre-  and 
postzygapophyses  are  diverging  limbs  of  the  most  usual  form  in 
aves.    The  articulations  among  the  centra  are  heterocoelous. 

Ninth  vertebra  has  the  neural  spine  commencing  to  make 
its  appearance  again,  and  is  here  a  low  tubercle,  more  promi- 
nent in  the  tenth,  and  thus  on  till  it  assumes  the  dorsal  form 
of  this  spine.  The  bypapophysial  plates  in  both  the  ninth  and 
tenth  vertebrae  are  deep,  long,  and  of  a  quadrate  form,  and 
from  the  lateral  masses  being  low  on  the  sides  of  the  centra, 
they  appear  sunken  between  these  protuberances. 

We  find  that  the  twelfth  vertebra  has  much  the  general 
aspect  of  one  of  the  dorsals,  and  moreover,  its  pleurapophyses 
have  become  freed  as  a  tiny  pair  of  ribs.    These  attain  quite 
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a  respectable  length  in  the  thirteenth  vertebrsB,  while  in  the 
fourteenth,  where  they  are  still  unconnected  with  the  sternum, 
they  possess  small  unciform  processes. 

We  may  term  the  fifteenth  to  the  eighteenth  vertebrse  in- 
clusive true  dorsals,  for  they  all  have  ribs  connecting  them 
in  the  usual  way  with  the  sternum.  They  also  have  inter- 
locking neural  spines,  and  their  transverse  processes  are 
strengthened  by  each  one  developing  a  single  spiculaform 
inteiiacing  metapophysis  at  its  outer  extremity.  Prominent 
hypapophyses  are  found  upon  the  thirteenth,  fourteenth, 
fifteenth,  and  sixteenth,  and  a  small  one  sometimes  on  the 
seventeenth  vertebra. 

The  ribs  have  broad  unciform  processes  anchylosed  to  them, 
but  there  are  still  two  other  pairs  that  come  from  beneath  the 
pelvis,  belonging  as  they  do  to  the  sacrum,  that  also  meet 
costal  ribs  below,  which  do  not  have  these  appendages. 

Sometimes  abortive  ribs  are  found  anchylosed  to  the 
twenty^first  and  twenty-second  vertebrae^  ^these  being  thd  third 
and  fourth  segments  appropriated  by  the  sacruuL 

Now,  in  my  male  specimen  of  this  parroquet,  I  find  the 
nineteenth  to  the  twenty-ninth  vertebrae,  inclusive,  form  the 
pelvic  sacrum,  while  in  the  female  an  additional  segment, 
which  in  the  male  remains  a  free  caudal,  has  become  firmly 
attached  behind. 

This  circumstance  gives  the  male  six  free  tail  vertebrae, 
whereas  the  other  specimen  has  but  five.  Such  a  freak  as 
this,  however,  not  unfrequently  happens  among  birds,  where 
the  count  for  the  entire  number  of  vertebrae  in  the  column 
remains  wonderfully  constant  for  the  species. 

The  caudal  vertebrae  (fig.  13)  have  spreading  transverse  pro- 
cesses, and  stumpy  neural  spines;  the  ultimate  two  having 
strong  bifid  hypapophyses. 

Of  an  irregular  quatlrilateral  outline,  the  pygostyle has  thickened 
hinder  and  lower  margins,  while  the  remaining  two  are  oultrate. 

Giving  our  attention  now  to  the  pelvis,  we  find  this  com- 
pound bone  in  Cormnis  (figs.  9,  10)  devoid  of  any  very  striking 
features,  it  having  all  the  general  characteristics  bf  this  part 
of  the  avian  skeleton,  without  any  to  particularly  distinguish 
it  beyond  the  general  facies  of  its  kind. 
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• 

Viewed  from  above,  it  will  be  seen  that  the  pre-  and 
postacetabular  areas  are  about  equal  in  extent,  the  ilium  being 
concave  where  it  forms  the  first,  and  the  reverse  where  it 
constitutes  the  latter.  For  the  entire  length  of  the  sacrum 
these  bones  are  firmly  sealed  to  its  outer  margins,  forming  the 
most  complete  "^ ilio-neural  canals"  anteriorly,  which  do  not 
even  open  posteriorly  as  in  some  birds ;  while  behind  it  lends 
to  the  postacetabular  area  a  very  unbroken  aspect,  that  is 
rendered  even  more  so  from  the  absence  of  all  but  a  few 
small  foramina  among  the  sacral  diapophyses. 

Upon  the  lateral  aspect  of  the  pelvis  we  note  that  the  propubis 
is  not  developed,  and  that  the  inner  periphery  of  the  cotyloid  ring 
is  nearly  as  large  as  the  outer  one.  The  small  obturator  foramen 
is  rendered  complete  by  a  pretty  thorough  meeting  between  the 
ischium  and  the  somewhat  slender  postpubis  immediately  be- 
hind it. 

The  obturator  space  is  long  and  spindle-shaped,  but  the  lower 
angle  of  the  ischium  does  not  need  the  postpubic  shaft  beneath 
it,  as  it  does  in  so  many  birds. 

The  antitrochanter  and  the  elliptical  ischial  foramen  are  both 
of  comparatively  moderate  size,  and  these  several  features,  con- 
stituting as  they  do  a  group  of  notable  occurrence  on  the  lateral 
aspect  in  nearly  all  avian  pelves,  are  here  in  harmony,  both  as 
to  size  and  position,  with  the  same  as  they  are  found  in  the 
class's  majority. 

On  the  under  side  we  find  that  the  lateral  processes  of  the 
leading  font  sacral  vertebree  are  thrown  out  as  abutments  against 
the  nether  sides  of  the  ilia ;  beyond,  or  rather  behind  these,  the 
usual  cavity  of  the  pelvic  basin  occurs,  and  the  succeeding  di- 
apophyses of  these  consolidated  vertebrae  are  less  manifest  than 
common,  being  all  elevated  and  having  their  extremities  in  the 
roof  above. 

The  foramina  for  the  exit  of  the  sacral  nerves  are  double,  in 
each  case  one  being  placed  above  another,  and  the  swell  to 
accommodate  the  myelonic  enlargement  in  this  part  of  the  cord's 
track  is  here  well  pronounced. 

Conurus,  in  common  with  many  other  parrots,  has  for  its 
general  size  comparatively  a  large  sternum  (figs.  8  and  18). 
Seen  from  above  we  observe  that  the  costal  processes  are  but 
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scarcely  produced  above  the  lateral  borders,  which  latter  rise 
gradually  to  their  summits.  These  costal  borders  each  support 
six  facets  for  the  hsemapophyses,  the  coDcavities  among  them 
being  pierced  by  small  groups  of  pneumatic  foramina. 

The  space  occupied  by  one  of  these  costal  borders  is  equal  to 
about  half  the  whole  length  of  the  lateral  sternal  margin. 

Posterior  to  them,  on  either  side,  the  margins  are  sharp  all  the 
way  round  the  xiphoidal  extremity,  this  part  of  the  bone  having 
a  shield-shaped  outline,  being  concave  above,  though  not  nearly 
so  much  so  as  that  part  of  the  sternal  body  lying  between  the 
costal  borders  in  front. 

In  this  latter  section  we  sometimes  find  a  few  scattered  pneu- 
matic foramina  down  the  median  line ;  the  most  constant^  and  a 
large  one  of  these,  however,  is  close  up  to  the  anterior  border  of 
the  bone,  which  curls  backwards  over  it,  and  the  fossa  thus 
formed  is  always  spanned  over  by  a  median  longitudinal  bridge 
of  bone. 

The  anterior  sternal  body  is  thickened,  and  directly  over  its 
sharpened  edge  in  front  we  find  a  continuous  coracoidal  groove  ; 
beyond  this  there  rears  directly  up  a  broad  quadrate  manubrium, 
which  is  continuous  with,  and  has  its  lateral  surfaces  in  the  same 
plane  with,  the  carina  below. 

Extending  the  entire  length  of  the  body  of  the  bone  the  keel 
of  this  sternum  is  comparatively  a  very  deep  one.  Both  its 
lower  and  anterior  borders  are  convex,  the  latter  being  quite 
sharp.  The  carinal  angle  formed  by  the  meeting  of  these  edges 
is  rounded  ofiT,  so  that  the  lines  form  really  one  common  curved 
line  (fig.  8). 

That  anterior  vertical  and  thickened  column  of  bone  which 
is  present  in  the  keel  of  nearly  all  avian  sterna  is  here  well 
developed,  but  situated  at  some  little  distance  back  from  the 
anterior  margin.  Moreover,  it  does  not  descend  so  far  as  is 
usually  seen,  being  apparently  interrupted  by  the  muscular  line 
which  longitudinally  marks  the  bona 

The  muscular  lines  of  the  pectoral  aspect  are  roughly  parallel 
to  the  costal  borders,  and  remain  quite  distinct  as  we  proceed 
towards  the  xiphoidal  extremity,  nearly  as  far  as  the  elliptical 
fenestra  that  there  occur,  one  on  either  side. 

In  the  shovider-girdle  (6gs.  15  and  17)  we  find  a  scapula  with 
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rather  a  short  blade  though  a  stout  one,  haviDg  the  usual  sabre- 
like form  with  obliquely  truncated  extremity  posteriorly. 

It  contributes  the  usual  amount  of  articular  surface  to  the 
glenoid  cavity  (g.),  but  when  in  sUu  does  not  occupy  the  entire 
length  of  the  superior  line  of  the  scapular  process  of  the  coracoid, 
nor  have  any  connection  with  the  furculum  except  through  a 
slight  ligamentous  attachment 

I  have  represented  in  the  Plate  the  right  eoraeaid  (c,  fig.  17) 
as  seen  from  a  posterior  view. 

It  will  be  at  once  observed  that  in  Conurus  this  element  of  the 
girdle  has  a  form  that  partakes  much  of  the  pattern  it  assumes 
among  birds  generally. 

Its  tuberous  summit  is  inclined  slightly  forwards  and  towards 
the  median  line,  when  articulated  in  situ,  and  has  resting  against 
it  the  frail  clavicular  head  of  that  side.  The  scapular  process 
already  alluded  to  is  well  developed,  but  here  chiefly  given  over 
to  quite  extensive  ligamentous  attachment 

The  coracoidal  shaft  is  strong,  comparatively  of  good  length, 
and  snbcompressed  in  the  antero-posterior  direction,  being 
faintly  marked  at  the  usual  sites  by  muscular  lines. 

At  the  sternal  extremity  of  the  bone  we  find  the  expanded 
portion,  the  form  of  which  can  best  be  seen  in  fig.  17,  where 
we  note  that  the  lateral  process  at  its  extemo-inferior  angle  is 
well  marked. 

Many  parrots  are  notorious  for  having  incomplete  furcula,  in 
others  the  union  at  their  medio^inferior  points  is  very  feebla 

In  this  particular  they  resemble  the  Strigidas,  a  group  they 
undoubtedly  have  some  remote  affinity  with,  in  structure.  Our 
Carolina  parroquet  has  a  complete  as  Jurmlum,  as  shown  in 
fig.  17  (cl,) ;  it  is,  however,  a  yery  weak  bone,  and  fuDctionally 
accomplishes  little  more  than  an  ossified  ligament  in  the  same 
position.  Indeed,  it  reminds  one  very  much  of  such  a  structure, 
for  when  duly  articulated  it  is  but  little  in  advance  of  the 
imaginary  plane  that  is  tangent  to  the  anterior  surfaces  of  the 
coracoidal  shafts,  and  consequently  but  little  dissociated  from 
the  ligaments  that  descend  from  the  coracoidal  summits  to  meet 
for  attachment  on  the  top  of  the  sternal  manubrium.  It  is  in 
form  of  the  U-shaped  pattern,  and  without  a  hypocleidium  at 
the  clavicular  junction  below. 

As  already  intimated  above,  and  so  far  as  the  light  I  have  on 
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the  subject  will  at  present  permit  me  to  judge,  I  believe  that  the 
shoulder-girdle  of  Conurus  more  nearly  resembles  these  parts 
in  some  of  the  owls  than  it  does  the  corresponding  lines  in  any 
other, class  of  birds  with  which  I  am  acquainted. 

Of  the  Appendievlar  Skeleton  (Plates  X.,  XI.,  figs.  6,  7,  11, 
]  2, 13,  and  16). — ^^A  glance  at  the  drawing  in  the  Plate  of  the 
pectoral  limb  of  this  parrot  will  be  sufficient  to  convince  us  that 
it  presents  no  very  striking  deviations  from  the  average  skeleton 
of  the  wing  as  found  in  existing  birds. 

The  bones  are  all  harmoniously  balanced  both  as  regatds  their 
relative  lengths  and  calibres. 

Fneumaticity  is  enjoyed  by  the  hvmerus  alone  (h.),  and  this 
bone  is  here  characterised  by  a  short,  though  not  inconspicuous, 
radial  crest,  an  ulnar  crest  devoted,  as  usual,  to  forming  a 
canopy  over  the  pneumatic  fossa,  in  which  are  found  the  air- 
holes leading  to  the  interior  of  the  humeral  shaft.  This  latter 
is  but  little  curved  in  any  direction,  being  subcylindrical  and 
smooth.  At  the  distal  extremity  of  the  bone  we  find  the 
trochlesB  for  articulation  with  the  antibrachial  elements  prom- 
inently produced,  while  on  the  obverse  aspect  a  broad  and  a 
narrow  gutter  are  seen,  which  guide  the  passing  tendons  in  life. 

The  radius  is  nearly  straight  for  its  entire  length,  differing 
from  the  ulna  in  this  particular,  it  having  a  considerable  curve 
along  its  shaft,  the  concavity  of  which  is  on  the  radial  side^ 
and  gives  rise  to  quite  a  wide  interosseous  space* 

This  curvature  of  the  ulna  is  not  well  seen  in  the  drawings 
because  the  bone  is  rotated  there  to  a  position  that  brings  it  on 
the  side  towards  the  observier,  and  consequently  makes  the  shaft 
appear  nearly  straight. 

The  carpal  elements  (re.,  ue.)  are  two  in  number  as  usual,  and 
they  have  the  form  most  commonly  presented  by  these  bones 
throughout  the  majority  of  the  class. 

In  the  manus  we  find  a  carpo-metacarpus  of  the  ordinary  form 
for  birds  generally.  Its  rather  large  poUex  phaten^  is  without 
a  claw,  this  feature  being  likewise  absent  from  the  tip  of  the 
distal  digit 

My  drawing  presents  all  these  bones  of  the  size  they  attain 
in  an  adult  male  parrot,  with  every  important  detail  brought 
out,  and  held  in  such  a  position  that  their  greatest  lengths  are 
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represented,  and  can  be  easily  measured  and  appreciated  from 
the  Plate  itself. 

None  of  the  bones  of  the  pelvic  extremity  in  Canurus  have  air 
admitted  to  their  interiors,  and  they  all  become  dark  and  greasy 
in  the  ordinarily  prepared  skeleton. 

The  femur  has  a  large,  semiglobular  head,  with  a  shallow, 
though  quite  extensive  excavation  upon  it,  for  the  round  liga* 
ment.  A  broad  articular  surface  is  found  at  the  summit  of  the 
bone  for  the  antitrochanter  of  the  pelvis,  and  the  suppressed 
trochanterian  ridge  does  not  rise  above  this. 

The  shaft  of  the  bone  is  but  little  bent  in  any  direction,  and 
it  has  the  usual  cylindrical  form.  At  the  distal  extremity  the 
condyles  are  fairly  well  developed,  not  strikingly  lai^ge,  the 
outer  one  being  the  lower  when  the  bone  is  held  in  the  vertical 
position.  In  front  the  rotular  channel  does  not  extend  upon 
the  shaft  above  them,  while  behind  the  popliteal  depression  is 
shallow  also. 

The  cleft  for  the  fibular  head  me^rks  the  posterior  aspect  of 
the  external  condyle,  dividing  it,  as  usual,  into  two  parts. 

Our  subject  possesses  a  small  paidla  of  a  subcordate  form, 
maintaining  its  usual  relations  with  the  bones  of  the  leg  and 
thigh  (fig.  12,  P.). 

TibiO'tarsus  (fig.  12,  TQ  has  its  cnemial  crest  but  very 
slightly  produced  above  the  articulating  surface  at  the  summit 
of  the  bone,  while  below  it  the  pro-  and  ectocnemial  ridges  are 
but  feebly  manifested,  and  very  soon  merge  into  the  shaft. 

This  latter  is  quite  straight  and  smooth,  being  slightly  com- 
pressed in  the  antero-posterior  direction. 

At  the  distal  ejqtremity  the  inner  condylar  protuberance  is 
decidedly  the  more  prominent,  both  upon  front  and  rear  aspects. 
The  valley  between  these  two  eminences  is  quite  wide  and  well 
defined,  even  to  the  posterior  aide  of  the  bone. 

The  osseous  bridge  for  the  extensor  tendons  is  present. 

Marked  feebleness  in  development  is  displayed  on  the  part  of 
theJibiUa  of  the  Carolina  parrot,  tor  this  bone  is  found  not  to 
extend  below  the  ridge  it  articulates  with  on  the  side  of  the 
shaft  of  the  greater  leg-bone.  Below  this  point  the  inferior 
apex  of  the  fibular  shaft  is  produced  and  replaced  by  a  ligament 
of  hair-like  dimensions. 
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What  there  is  of  the  fibula  in  this  bird,  however,  is  fully  as 
well  developed  as  we  usually  find  it  in  the  class ;  simply  its 
apparently  useless  prolongation,  as  seen  in  many  birds,  has  never 
ossified 

In  the  skeleton  of  the  foot  we  find  a  short,  thick-set  tarso- 
metatarsus,  with  spreading  trochlear  extremity.  Three  views 
are  presented  in  the  Plate  of  this  bone,  besides  the  one  where  it 
is  shown  on  a  lateral  view  with  the  foot  as  a  whole  (figs.  13  and 
16). 

Its  shaft  is  short  and  straight,  being  much  compressed  from 
before  backwards.  On  the  anterior  aspect  it  is  convex  from 
side  to  side,  while  behind  it  is  longitudinally  excavated.  The 
hypotarsus  is  a  narrow,  projecting  ledge  with  one  vertical, 
cylindrical  perforation  (fig.  13,  st)  near  its  centre,  and  scarcely 
grooved  for  the  other  tendons  behind.  At  the  summit  of  this 
bone  we  note  the  two  condylar  depressions  for  the  trochleae  of 
the  tibio-tarsus. 

The  usual  arterial  foramen  pierces  the  shaft  at  its  ordinary 
site  at  the  distal  end. 

As  is  well  known,  P8itia4A  are  permanently  zygodactyle  birds 
by  reversion  of  the  fourth  toe,  while  they  not  only  possess  a 
well  developed  and  free  accessory  metatarsal,  but  the  usual 
number  of  joints  to  the  digits.  Conurvs  carolinensis  agrees  in 
all  these  particulars. 

Whenever  I  can  I  make  it  a  rule  to  fully  illustrate  in  the 
figures  the  tibio-tarsus  and  skeleton  of  the  pes,  as  the  points  pre- 
sented by  these  parts  stand  among  the  most  important  in  this 
all-important  system  of  the  bird's  anatomy,  for  when  sufficient 
data  of  this  kind  become  available  they  will  be  not  only  valuable 
as  an  aid  in  classification,  but  help  to  determine  the  affinities  of 
existing  birds  with  such  fossil  forms  as  may  from  time  to  time 
be  discovered.  It  will  be  seen  that  I  have  not  overlooked  this 
fact  in  the  present  instance. 

• 

Synapsis  of  the  Skeletal  Characters  of  Conurus  carolinensis, 

1.  Superior  mandible  arched  as  in  Baptores ;  osseous  nares 
small,  Bubcircular,  separated  by  nasal  septum.  Dentary  margins 
of  mandible  cultrate,  and  notched. 
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2.  Orbital  ring  complete. 

3.  CraDio-facial  hinge  as  in  other  PsUtaci. 

4.  Lower  margin  of  rostrum  cultrate. 

5.  Quadrate  has  a  large  and  small  facet  on  mastoidal  head,  a 
well-developed  orbital  process,  and  a  single,  longitudinal  mandi- 
bular facet,  which  is  laterally  compressed  and  convex  in  both 
directions. 

6.  Pterygoids  long  and  slender  rods,  anteriorly  articulating 
with  each  other  and  with  the  palatines. 

7.  Major  portion  of  either  palatine — a  large  vertical  plate, 
directed  downwards  and  backwards.  These  bones  curl  towards 
each  other  and  form  a  limited  articulation  in  the  median  line ; 
anteriorly  they  are  horizontally  flattened,  and  are  hinged  to 
the  mandible  beneath  the  spongy  mass,  which  constitutes  the 
maxillo-palatine  and  nasal  septum. 

S.  Mandible  truncated  in  front ;  rami  and  symphysis  deep  and 
gradually  round  into  each  other. 

9.  Hyoid  apparatus  with  large,  united  ceratohyals,  and  a 
peculiar  bony  outgrowth  on  either  side  of  the  first  basibranchial, 
extending  forwards. 

10.  Manubrium  of  sternum  erect,  large,  and  continuous  with 
the  deep  carina.  Xiphoidal  extremity  of  this  bone  has  an 
elliptical  fenestra  on  either  side.  Costal  processes  low,  and 
usually  six  hsemapophysial  facets  on  each  costal  border. 
Coracoidal  grooves  unite  in  front. 

11.  Furculum  of  shoulder-girdle  firmly  united  below. 

12.  The  humerus  only  is  pneumatic  in  the  pectoral  limb. 

13.  A  well-developed  patella  present  Fibula  short,  extend- 
ing only  so  far  as  the  lower  end  of  fibular  ridge  of  tibio- 
tarsus. 

14.  The  tendinal  bridge  at  antero-distal  end  of  tibio- tarsus 
at  right  angles  to  long  axis  of  shaft.  The  inner  condyle  the 
larger  and  more  elevated. 

15.  General  skeletal  characters  of  pes  agree  with  other 
PsUtaci. 

Negative  Characters, 

1.  Vomer  absent. 

2.  Basipterygoid  processes  not  developed. 
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3.  No  hjrpocleidiam  on  ob  furculum,  and  this  bone  does  not 
meet  the  scapular  process  of  coracoid. 

4.  Propubis  of  pelvis  absent 
6.  Pelvic  limb  non-pneumatic. 


DESCRIPTION  OF  PLATES  X.,  XL 

Reference  Letters. 


h.  Basal  view  of  left  tarso- 

metatarsus. 
hf.  Bony  outgrowth  from  basi- 
branchial 
h,hh.  Second     basibranchial    of 
hyoid  apparatus. 
hK  First  basibranchial 
c.  Coracoid. 
c.6r.  Ceratobranchial  of    hyoid 
apparatus. 
ch,  Ceratohyals. 
d,  Os  furculum. 
e.&r.  Epibranchial  of  hyoid  ap- 
paratus. 
Fh.  Fibula. 
g.  Glenoid  cavity. 
A.  Humerus. 
J  i'\  %'".  Second  metacarpal  and 
index  digit. 


ju.  Jugal. 
m\  m".  Middle  metacarpal  and  its 
phalanx. 
mx.  Maxillary. 

or.  Orbital  ring. 

P.  Patella. 

p.  PoUex  phalanx. 
pi.  Palatine. 
pt.  Pterygoid. 

^.  Quadrate. 
rd.  Eadius. 

re.  Radiale. 

gt.  Summitof  tarso-metatarsos. 

2Y«  Tibio^tarsus. 

ue.  Ulnare. 

uL.  Ulna. 


Fig.  1.  Left  lateral  view  of  skull,  and  detached  mandible  of  Co- 
nurvs  oarolinensis^  $ .     Life  size  from  the  specimen. 

Fig.  2.  Mandible  of  Comtrua  carolinensie ;  seen  from  above.  Life 
size,  same  subject 

Fig.  3.  Skull  of  Oonunu  carolinenm.  Seen  upon  superior  aspect 
life  size  from  the  same  specimen.     The  mandible  has  been  removed. 

Fig.  4.  Under  view  of  the  skull  of  Conurus  caroliTiensis ;  mandible 
removed.     Life  size,  same  specimen  as  before. 

Fig.  5.  The  hyoidean  apparatus  of  Conurue  carolinenais.  Seen 
from  below,  same  specimen,  x  2. 

Fig.  6.  Anconeal  aspect  of  left  pectoral  limb  of  Conurus  carolinensie. 
Life  size,  same  subject  Bones  somewhat  dislodged,  and  moved  to 
show  them  to  best  advantage. 

Fig.  7.  Palmar  aspect  of  left  humerus  of  Conurue  carolineneis. 
Life  size,  same  specimen. 

Fig.  8.  Bight  lateral  view  of  sternum  of  Conurua  carolineneia. 
Life  size,  from  the  same  specimen  as  before. 


OSTEOLOGY  OF  CONURUS  CAROLINENSIS.  425 

Fig.  9.  Right  lateral  view  of  the  pelvis  of  Conurus  carolinensis. 
Life  size,  same  specimen  as  in  the  former  figurea 

Fig.  10.  Superior  aspect  of  pelvis  of  Conurus  carolinensis.  Life 
size^  same  bone  as  shown  in  fig.  9. 

Fig.  11.  Anterior  aspect  of  left  femur  of  Gowarm  caroUnemis. 
Life  size. 

Fig.  12.  Anterior  aspect  of  left  tibio-tarsus,  fibula,  and  patella  of 
Conurus  carolinensis.     Life  size. 

Fig.  13.  Anterior  aspect  of  left  tarso-meta tarsus  of  Conuris  caro- 
linensis, showing  also  basal  and  summit  views  of  the  same  bone.  All 
these  bones,  including  the  foot  (fig.  16),  are  taken  from  the  same 
specimen  used  for  the  former  figures.     Life  siza 

Fig.  14.  Right  lateral  view  of  the  five  vertebrae  and  pygostyle  con- 
stituting the  skeleton  of  the  tail  of  Conurus  carolinensis.  Life  size, 
same  specimen. 

Fig.  15.  Superior  aspect  of  left  scapula  of  Conurus  carolinensis. 
Life  size,  same  specimen  as  in  former  figures. 

Fig.  16.  Inner  aspect  of  left  pes  of  Conurvs  carolinensis.  Life 
size,  same  specimen. 

Fig.  17.  Right  coracoid  and  os  furculum  of  Conurus  carolinensis, 
seen  from  behind.     Life  size,  same  specimen. 

Fig.  18.  Sternum  of  Conurus  carolinensis.  Pectoral  aspect.  Life 
size,  same  bone  shown  in  ^q.  6. 
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A  NAVAJO  SKULL  By  R  W.  Shufeldt,  M.D.,  Captain 
Med.  Carps,  CS.  Army,  Mewbr,  AX).  TJ,,  Membr,  Soc.  Nat, 
E,  U.S.,  Memb.  Sdentif.  Sacs,  of  Washington  ;  Cor.  Memb.  Soc. 
Ital.  Antropologia,  Etnologia^  e  Psicologia  Comp,,  Florence, 
(Plate  XII.) 

It  is  a  well-known  fact  that  for  many  years  past  the 
majority  of  descriptive  antbropotomists,  in  describing  tbe 
skull,  bave  divided  tbe  bones  composing  it  into  tbose  of  tbe 
face  and  tbose  of  tbe  skvlL  So  tbat  if  we  adopt  tbe  nomen- 
clature of  Dr  J.  Barnard  Davis,  tbe  valuable  and  interesting 
specimen  wbicb  forms  tbe  subject  of  tbis  paper  would  be 
considered  a  oalvaria,  as  it  lacks  tbe  lower  maxilla.  Accord- 
ing to  tbis  authority,  too,  a  cranium  was  regarded  as  being 
composed  of  tbe  entire  number  of  bones  of  tbe  bead  and 
face,  wbile  tbe  calvaria  was  made  up  of  tbe  bones  of  tbe 
skull  alone.  In  these  days,  when  the  knowledge  of  tbe 
general  structure  and  physiology  of  vertebrates  has  become 
absolutely  indispensable  to  tbe  anatomist,  be  his  particular 
line  of  research  what  it  may,  such  artificial  landmarks  are 
gradually  becoming  obsolete. 

At  tbe  best  of  times  Navajo  Indian  skulls  are  difficult 
objects  to  obtain,  so  I  considered  myself  particularly  fortunate 
when  some  time  during  tbe  early  autumn  of  1885  the  present 
specimen  came  into  my  possession.  It  was  collected  by  a 
young  man  on  one  of  their  burial  grounds  upon  tbe  bills  in 
tbe  vicinity  of  Fort  Wingate,  New  Mexico,  and  banded  to  me 
immediately  afterwards  to  make  such  use  of  it  as  I  saw  Qt 

This  skull  is  from  a  male  subject  of  about  forty  years  of  age, 
who  came  to  bis  death  by  a  gun-shot  wound  of  tbe  bead.  The 
results  of  this  fatal  injury  are  not  far  to  seek  in  the  specimen, 
and  they  may  be  seen  in  part  in  my  illustrations  of  it  in  tbe 
Plate. 

We  find  the  large  wound  of  entrance  has  pierced  the  left 
outer  angle  of  the  supraoccipital  bone,  and  destroyed  the  adja- 
cent mastoidal  process  of  the  pars  mastoidea  of  tbe  temporal, 
resulting  in  a  magnificent  example  of  tbat  rare  condition,  a 
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fracture  by  contre  coup,  the  external  appearance  of  which  may 
be  seen  upon  the  right  frontal  bone  in  three  of  the  figures. 

Five  years  ago,  when  Otis  published  the  list  of  the  human 
crania  contained  in  the  Anatomical  Section  of  the  United 
States  Army  Medical  Museum,  this  extensive  and  unrivalled 
collection  of  several  thousand  specimens  had  in  it  but  twenty* 
two,  perfect  or  imperfect,  Navajo  Indian  skulls. 

At  present  this  collection  is  not  available  to  me,  but  from 
the  excellent  catalogue  in  question,  I  am  enabled  to  select  cer- 
tain data  of  the  highest  value  for  comparison  with  similar 
observations  made  by  myself  upon  the  specimen  in  hand. 

Of  the  twenty-two  skulls  alluded  to  I  have  chosen  eight  as 
nearly  perfect  ones  as  possible,  and  of  the  same  sex  as  our 
subject,  with  a  slight  variation  in  age.  From  the  data  afforded 
by  these  in  the  catalogue,  the  averages  exhibited  in  the  sub- 
joined table,  for  comparison  with  corresponding  ones  in  our 
specimen,  have  been  computed.  Yery  wisely,  Dr  Otis  adopted 
the  metric  system  in  all  of  his  measurements,  and  the  same  isi 
employed  here.  At  the  headings  of  the  several  columns  of  the 
table  I  have  used  certain  abbreviations ;  among  these,  where 
an  explanation  seems  necessary,  "  Gran  :  cap.  c.c,"  stands  for 
cranial  capacity  in  cubic  centimetres  ;  C  is  the  circumference 
taken  (in  my  case)  with  a  steel  metric  tape  measure,  upon  the 
periphery  of  the  figure  formed  by  the  plane  which  passes 
through  the  glabella,  the  occiput,  and  outstanding  lateral  points ; 
F  is  facial  angle ;  L  is  longitudinal  diameter,  from  glabella  to 
highest  point  of  occipital  prominence ;  H  refers  to  the  height, 
measured  from  the  middle  of  the  anterior  margin  of  the  foramen 
magnum  to  the  highest  point  on  the  cranial  vault ;  ZD,  is  the 
zygomatic  diameter ;  and  finally,  B,  the  greatest  transverse 
parietal  diameter,  or  the  breadth. 

During  the  time  Dr  Otis  lived  (aad  it  was  my  good  fortune 
to  see  many  of  the  human  crania  there  measured  while  he  had 
charge  of  that  part  of  the  Museum)  No.  8  shot  was  the  medium 
by  which  the  internal  capacity  of  the  specimens  was  ascer- 
tained; but  since  then  methods  involving  greater  accuracy 
have  been  adopted. 

As  I  have  already  stated,  circumferential  measurements  were 
obtained  from  the  specimen  in  my  hands  by  a  flexible  steel 
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tape  measure,  while  diameters  were  taken  with  an  accarate 
pair  of  calipers.  In  computing  the  cranial  capacity,  I  filled 
all  the  foramina  leading  into  the  brain  case  so  carefully 
that  the  fillings  were  made  flush  in  every  instance  with 
the  internal  cranial  walL  After  this  was  done  the  skull 
would  contain  water  without  leaking,  but  instead  of  using 
that  vehicle,  I  employed  the  shot  known  to  collectors  as  ''  dust 

Tcible  of  Averages. 


Muflemn  No. 
of  Specimen. 

Age  and 
Sex. 

Cran. 
Cap.  C.C. 

C. 

mm. 

F. 

L. 

mm. 

H. 

ram. 

Z.  D. 

mm. 

B. 
mm. 

788 
97 
130 
134 
633 
784 
785 
1086 

36,  6. 
30,  6. 
45,  <J. 
35,  <J. 
30,  «J. 
40,  «J. 
55,  S- 
45,  <J. 

1480 
U90 
1336 
1480 
1325 
1550 
1435 
1560 

619 
479 
495 
511 
499 
513 
490 
521 

770 

79° 

770 

•  •  • 

76" 

74'' 
770 

82'' 

*  180 
164 
168 
183 
175 
182 
163 
187 

137 
124 
133 
142 
138 
144 
140 
138 

142 
127 
129 

•  •  • 

125 
139 
138 
143 

148 
140 
144 
137 
130 
136 
148 
142 

Averages. 

39+ 

1419+ 

503  + 

7r+ 

176+ 

137 

134  + 

140+ 

Data  from  the 

present 

Specimen. 

40+ 

1520 

527 

80* 

169 

151 

150 

160 

shot''  (smaller  than  No.  12).  It  will  at  once  be  seen  that  this 
gives  a  higher  figure,  yet  at  the  same  time  a  more  accurate  re- 
sult than  No.  8  shot  can  do,  as  used  by  Dr  Otis.  Quicksilver 
would  come  still  nearer  the  mark,  as  it  would  perfectly  accom- 
modate itself  to  all  the  surfaces  of  the  walls  bounding  the 
cranial  casket  within.  In  consulting  the  above  *'  Table  of 
Averages,"  the  fact  that  I  used  smaller-sized  shot  in  taking  the 
cranial  capacity  must  be  borne  in  mind. 

Next,  with  an  excellent  camera,  which  I  possess  and  employ 
to  do  work  very  similar  to  the  present,Nl  photographed  this  cal- 
varia  in  four  different  positions,  and  from  these  photographs, 
by  a  process  in  which  inaccuracy  is  reduced  to  a  minimum,  I 
made  the  four  drawings  presented  in  the  Plate. 

So  far  as  any  single  specimen  of  a  skull  can  be,  this  one,  no 
doubt,  is  typical  of  the  skull  as  found  in  the  Navajo  Indians — 
at  least  for  the  adult  male  portion  of  them. 

In  past  times  the  field  of  study  in  human  craniology  was 
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rather  an  unsatisfactory  and  discouraging  one,  owing  to  the  fact 
that  the  greatest  diversity  was  found  to  exist  among  skulls  re- 
presenting individuals  of  the  same  race ;  but  now,  thanks  to 
composite  photography,  the  vista  which  opens  before  us  is  far 
more  hopeful.  Especially  is  this  true  of  Galton's  methods  of 
comparing  the  components  with  the  composite.  After  the  ideal 
composite  has  been  formed  by  the  proper  employment  of  the 
eight  types  of  components,  we  then  have  the  starting  point  from 
which  generalised  data  may  be  deduced,  and  subjects  such  as 
the  present  can  be  advantageously  compared.  By  comparing 
the  figures  with  the  data  in  the  table,  and  the  latter  for  the 
several  specimens  introduced,  much  may  be  brought  out  of  a 
very  suggestive  nature,  even  in  such  a  brief  sketch  as  I  here 
offer — indeed,  a  great  deal  which  falls  without  its  proper  scope, 
as  originally  intended,  which  was  simply  to  illustrate  by  mea- 
surements and  drawings  the  leading  characteristics  of  an  adult 
male  skull  of  a  representative  of  one  of  the  most  prominent 
tribes  of  existing  North  American  Indians. 


DESCRIPTION  OF  PLATE  XIL 

Fig.  1.  Calvaria  of  Navajo  Indian,  ad.  ^,  nearly  direet  anterior 
aspect,  considerably  reduced  from  the  original 

Fig.  2.  The  same  specimen  seen  from  above. 

Fig.  3.  A  rear  view  of  the  same  upon  a  somewhat  larger  scale  than 
employed  in  figs.  1  and  2. 

Fig.  4.  The  same  specimen,  lateral  view,  the  scale  being  the  same 
as  in  ^g.  3. 


ADDITIONAL  NOTE  ON  THE  NAVAJO  INDIAN  SKULL. 
By  Professor  Sir  William  Turner,  M.B.,  F.R.S. 

As  Dr  Shufeldt  has  very  kindly  sent  me  the  Navajo  skull, 
described  in  his  paper,  for  presentation  to  the  Anatomical 
Museum  of  the  University  of  Edinburgh,  I  have  had  the  oppor- 
tunity of  examining  this  interesting  specimen,  and  wish  to 
supplement  his  description  with  a  few  additional  particulars. 

The  skull  presented  a  well-marked  parieto-occipital  flattening, 
obviously  due  to  artificial  pressure,  which  had  been  applied  so 
as  to  cause  the  suprasquamous  part  of  the  occipital  bone  and  the 
posterior  |ths  of  the  parietal  to  slope  upwards  and  forwards. 
The  frontal  region  did  not  exhibit  any  flattening,  so  that  in  this 
individual,  and  it  may  be  in  his  tribe  of  Indians,  the  pressure 
applied  in  infancy  was  apparently  limited  to  the  back  of  the  head. 
Owing  to  this  artificial  distortion,  the  longitudinal  diameter  of 
the  head  was  diminished,  and  the  cephalic  index,  94*6,  computed 
from  Dr  Shu  feldt's  measurements  of  the  length  and  breadth,  was 
therefore  higher  than  it  would  have  been  in  an  undeformed  skull. 
The  cranium  was  hyperbrachycephalic. 

The  height  of  the  skull  was  also  very  considerable,  and  reached, 
as  may  be  seen  from  the  table,  151  mm. ;  the  vertical  index  was 
89,  so  that  the  skull  was  hyperakrocephalic.  In  all  probability 
the  pressure  during  infancy,  which  shortened  the  skull  in  its 
antero-posterior  direction,  forced  the  vertex  upwards  and  added 
to  the  height  of  the  cranium,  so  that  the  high  vertical  index  was 
occasioned  both  by  diminished  length  and  increased  height 

The  skull  was  cryptozygous,  for  not  only  was  the  breadth  in 
the  parietal  region  great,  but  the  Stephanie  diameter  was  137  mm. 
The  glabella  was  not  very  prominent,  but  the  supraciliary  ridges 
were  thick  and  strong.  The  bridge  of  the  nose  was  concave 
forward,  so  that  the  tip  projected  to  the  front.  The  basi-nasal 
diameter  was  105  mm. ;  the  basi-alveolar  98  mm. ;  the  gnathic 
index  was  93,  and  the  skull  was  orthognathic.  The  nasal  spine 
of  the  superior  maxillss  was  moderate.  Where  the  side  walls  of 
the  anterior  nares  joined  the  floor,  the  margin  of  the  opening 
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was  rounded.  The  traDsverse  diameter  of  the  orbit  was  40  mm.-, 
the  vertical  diameter  36  mm. ;  the  orbital  index  was  90,  and  the 
orbit  was  megasema  The  nasal  height  was  48  mm. ;  the  nasal 
width  25  mm. ;  the  nasal  index  was  62,  and  the  nose  was  meso- 
rhine.  The  palato-maxillary  length  was  56,  the  palato-maxillary 
width  was  72  mm. ;  the  palato-maxillary  index  was  128,  and 
the  roof  of  the  mouth  was  brachyuranic.^  The  teeth  were  all 
erupted  and  not  much  worn.  The  cranial  sutures  were  all  un- 
ossified.  The  parieto-sphenoid  suture  in  the  pteribn  was  19  mm. 
in  antero-posterior  diameter.  There  were  no  Wormian  bones. 
The  anterior  end  of  the  inferior  turbinated  bone  was  almost  in 
the  same  plane  as  the  anterior  nares. 

^  See  my  Report  on  Human  Crania  in  Reports  of  "  Challenger"  Expedition, 
part  zxix.,  1884,  for  the  introdnction  of  this  term. 


ON    THE   ORIGIN    OF    CERTAIN    CYSTS— OVARIAN, 
VAGINAL,  SACRAL,  LINGUAL,  AND  TRACHEAL. 

By  J.  Bland  Sutton,  F.R.C.S.,  Erasmus  Wilson  Lecturer 
on  Pathology,  Royal  College  of  Surgeons,  England,  (Plate 
XIII.) 

In  the  present  communication  the  mode  of  origin  of  certain 
forms  of  ovarian  cysts  will  be  considered,  also  the  relation 
of  Gartner's  ducts  to  vaginal  cysts,  and  the  part  played  by  the 
.post-anal  gut  in  producing  congenital  sacral  cystic  tumours. 
Some  remarks  will  also  be  made  on  lingual  and  tracheal  cysts. 

The  rhaterial  which  has  supplied  me  with  the  facts  to  be 
recorded  in  this  communication  concerning  the  ovaries  and 
Gartner's  ducts  consisted  of  the  uterus  and  its  appendages 
taken  from  seventy  cows,  varying  in  age  from  nine  months  to 
ten  years.  Many  of  these  were  virgins  or  heifers,  others 
had  borne  several  calves,  and  many  of  the  specimens  were 
pregnant  at  the  time  of  dissection.  These  uteri  were  obtained 
from  animals  slaughtered  for  the  purposes  of  food;  all  the 
specimens  were  taken  consecutively,  so  as  to  represent  as  far 
as  possible  average  conditions. 

At  the  same  time,  and  under  precisely  similar  conditions, 
the  uterus  and  appendages  were  examined  from  fifty  sows. 
Also  the  generative  organs  of  twenty  aged  mares,  in  addition  to 
fifty  reported  upon  last  year. 

These  specimens  are  supplementary  to  the  great  number 
of  animals  which  come  under  my  observation  at  the  gardens 
of  the  Zoological  Society. 

The  dissection  of  these  specimens  was  undertaken  for  the 
purpose  to  trace,  if  possible,  the  mode  of  origin  of  ovarian 
cysts,  and  the  relation  of  Gartner's  ducts  to  cysts  of  the  broad 
ligament,  and  the  upper  part  of  the  vagina. 

Ovarian  Cysts. 

I  do  [not  propose  to  spend  time  in  discussing  the  various 
theories  that  have  been  raised  to  explain  the  mode  of  origin 
of  ovarian  cysts.    Nearly  everything  that  enters  into  the  com- 
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position  of  this  wonderful  organ  has  been  pressed  into  the 
service.  Briefly,  my  aim  is  to  show  in  no  uncertain  way  the 
mode  of  origin  of  some  of  the  cysts. 

In  this  Journal  (vol.  xix,  p.  139)  I  drew  attention  to  the 
fact  that  two-thirds  of  all  mares  that  attain  the  age  of  eight 
years  present  cystic  ovaries,  the  cysts  varying  in  size 
from  a  grape  to  an  orange :  it  was  also  stated  that  some  of 
these  cysts  probably  arise  in  Graafian  follicles,  and  that  others 
are  of  parovarian  origin.  After  the  publication  of  the  paper 
referred  to,  I  still  pursued  the  investigation,  and  was  fortunate 
enough  to  encounter  in  the  ovary  of  a  mare,  a  cyst  of  the  size 
of  a  nut  occupying  the  centre  of  a  large  corpus  luteum.  This 
specimen  is  figured  and  described  in  the  Trans,  Path.  Soc, 
voL  xxxvi.  This  case  seemed  to  support  the  view  that  there 
is  reason  to  believe  in  the  origin  of  some  ovarian  cysts  in 
degenerate  corpora  lutea,  that  I  resolved  to  pursue  the  ques- 
tion in  the  ovaries  of  cows,  for,  of  all  domestic  animals,  they 
seem  to  be  the  most  liable  to  ovarian  cysts.  Accordingly, 
seventy  sets  of  generative  organs  were  obtained  from  these 
animals. 

The  result  of  the  investigation  was  eminently  satisfactory, 
for  it  goes  to  show  in  a  most  conclusive  manner  that  ovarian 
cysts  do  arise  in  corpora  lutea. 

In  fig.  1  (p.  434)  the  various  stages  are  represented  as  follows : — 

A. — A  section  through  a  normal  ovary  from  a  heifer ;  the  small 
cysts  are  immature  Graafian  follicles. 

B. — A  corpus  luteum  of  pregnancy.  The  uterus  contained  a  calf 
about  two  months  old  in  the  corresponding  uterine  cornu. 

C. — The  centre  of  the  corpus  luteum  in  this  case  is  occupied  by 
two  distinct  cavities,  lined  by  a  delicate  membrane,  and  con- 
taining fluid.  Two  distinct  cavities  are  only  occasionally 
present  in  one  corpus  luteum, 

D. — In  this  stage  the  cavity  has  attained  the  size  of  a  nut ;  two 
old  cysts  of  similar  organ  are  also  seen  in  the  ovary. 

E. — ^The  cyst  here  represented  was  of  the  size  of  an  orange,  and 
filled  vnih  fluid.  Its  relation  to  the  preceding  cysts  is  de- 
monstrated indubitably  by  the  circumstance  that  the  same 
yellow-coloured  material  forms  a  lining  to  the  cyst  immedi- 
ately beneath  the  peritoneal  investment 
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In  addition  to  the  priDcipal  cyat,  a  numlter  of  smaller  ooes 
may  be  seen  on  its  sides.  It  is  important  to  draw  attention  to 
this,  for  they  may  be  mistaken  to  represent  secondary  cysts, 
whereas  in  reality  they  are  cysts  similarly  developed  in  old 


Fio.  1. — A  Beriea  of  drawiogB  to  show  the  origin  of  OTtriaa  c^-sts  is  corpora  \m.tea, 
'    Fif^.  A  to  E  ure  from  tbe  ovariei  of  cows.     F  repreicnta  m  cyst  whieb  oc- 
curaed  in  tbe  ovaiy  of  •  tiger. 

corpora  Intea,  bnt  qnite  independent  ot  the  larger  one ;  they 
form  part  of  the  cyst  wall  because  they,  with  the  ovary,  became 
flattened  out  and  incorporated  with  the  cyst  walls,  dne  to  the 
pressure  of  the  abnormal  mass.  I  have  been  able  thus  to 
Bcconnt  foi  similar  multiple  cysts  in  the  human  femal& 
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This  series  supplies  evidence  beyond  all  dispute  of  the 
gradual  formation  of  a  cyst  from  a  corpus  luteum.  Evidence 
is  not  wanting  to  show  that  if  two  or  more  corpora  lutea  in 
the  same  ovary  become  cystic,  and  this  is  far  from  being 
uncommon,  a  multilocular  cystoma  may  arise.  To  me,  the 
most  satisfactory  feature  of  the  investigation  is  this, — anyone 
with  a  little  patience  may  obtain  twenty-five  cows'  ovaries  and 
demonstrate  all  the  stages  represented  in  fig.  1  with  the  greatest 
of  ease,  and  without  any  other  assistance  than  that  afforded 
by  a  sharp  knife. 

Besides  in  cows,  the  process  may  be  traced  in  mares  and  in 
pigs,  but  not  so  readily  as  in  cows.  Cysts  also  occur  after  the 
same  fashion  in  tigers,  and  one  of  fair  proportions  from  this 
animal  is  shown  in  woodcut  1,  F.  Other  observers  have  suggested 
that  the  same  process  holds  good  for  human  females,  and  I  have 
seen  specimens  which  support  these  observations  in  women  and 
in  monkeys. 

One  other  question  suggests  itself.  In  the  specimens  figured 
the  cysts  occurred  for  the  most  part  in  animals  which  had  borne 
young.  Do  the  same  statements  hold  good  for  virgins  ?  It  may  be 
mentioned  that  old  animals  or  those  which  had  borne  young  were 
selected,  because  the  corpora  lutea  were  larger,  and  illustrated 
the  condition  more  clearly,  but  virgins  are  also  liable  to  precisely 
the  same  changes  in  all  the  species  dissected. 

It  is  now  essential  that  we  should  endeavour  to  explain  why 
these  bodies  should  soften  in  the  centre  and  form  cysts.  For- 
tunately a  very  satisfactory  explanation  is  forthcoming.  In  the 
ripe  ovarian  follicle  we  pan  distinguish  a  distinct  wall  derived 
from,  and  continuous  with,  the  stroma  of  the  ovary.  The  inner 
aspect  of  the  boundary  wall  is  lined  by  layers  of  epithelial  cells 
forming  the  membrana  granulosa.  Similar  cells  surround  the 
ovum,  but  are  polyhedral  or  columnar  in  shape ;  a  collection  of 
cells  usually  forms  at  one  part  known  as  the  discus  proligerus. 
When  the  ovum  escapes  from  the  follicle  the  cavity  becomes 
filled  with  effused  blood.  After  a  time  (about  fourteen  days) 
the  blood  clot  is  in  a  great  measure  replaced  by  a  material  of  a 
distinct  yellow  colour,  forming  the  well-known  corpus  luteum. 
This  tissue  is  present  in  corpora  lutea  of  menstruation  and  of 
pregnancy,  the  only  difference  being  one  of  quantity. 
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It  is  by  Qo  meanB  a  decided  question  as  to  the  source  of  the 
yellow  niateriaL  Under  the  microscope  it  presents  cells  of 
various  shapes  and  sizes  intersected  by  capillary  blood-vesBelg 
derived  from  the  wall  of  the  follicle,  the  tissue  according  to  one 
observer  resembling  the  cortical  substance  of  the  supra-reaal 
capsules.     There  are  three  possible  sources  of  this  tissue : — 

(1)  It  may  arise  from  proliferation  of  the  cells  of  the  mem- 
brana  granulosa,  or  (2)  be  derived  from  the  follicular  wall ;  (3) 
it  may  result  from  the  organisation  of  the  blood-clot. 

For  my  own  pact  I  think  it  is  due  to  the  two  last  causes 
combined.  Certainly  the  clot  ia  in  an  exceedingly  favourable 
condition  for  organisation.  Whichever  view  is  the  true  one  the 
following  fact  remains  inviolate,  viz.;  the  centre  of  a  corpus 
luteum  is  naually  occupied  by  the  ddbris  of  the  original  clot, 
which  is  in  a  gelatinous  condition,  the  material  becomes  sur- 
rounded by  a  delicate  membrane  formed  by  the  coalescence  of 
some  of  the  cells  composing  the  yellow  tissue.  It  is  by  siib- 
sequeTU  distension  of  the  space  thus  f<yrmed  that  cysts  arise  so 
frequently  in  these  bodies. 

With  regard  to  the  ovaries  of  the  sows  it  is  unnecessary  to 
enter  into  details.  The  origin  of  cysts  from  degenerate  corpora 
lutea  could  be  traced  as  easily  in  them  as  in  the  cowsj  with  the 
exception  that  the  cysts  do  not  attain  so  large  a  size  relatively. 
Fig.  2  represents  the  ovary  of  a  sow,  showing  numerous  cysts 


Fia,  2. — OTuy  and  Fallopian  tube      Fia  3. — An  ovor;  and  FallopUn  tube  of 
of  a  Bon.  a  sow,  Bhowiog  hydrosalpinx. 

which  have  arisen  in  corpora  lutea,  for  in  the  case  of  these 
animals  six  or  seven  ova  escape  from  each  ovary  at  the  time 
of  heat,  producing  as  many  corpora  lutea.  In  fig.  3  is  repre- 
sented also  a  sow's  ovary  studded  with  cysts,  and  at  one  end  of 
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the  organ  the  Fallopian  tube  has  become  firmly  attached  by 
strong  adhesions,  and  in  such  ^  way  that  its  ostium  abdominale 
is  completely  occluded.  As  a  result  of  this,  the  tube  has  be- 
come dilated  so  that  the  little  finger  could  easily  be  accommo- 
dated in  its  interior.  The  natural  dimensions  of  the  tube  are 
represented  in  fig.  2. 

On  carefully  examining  the  Fallopian  tubes  of  all  the  sows 
(fifty  in  number)  three  well-marked  cases  of  distention  of  the 
tube  were  found,  constituting  veritable  cases  of  hydrosalpinx. 
In  all  cases  the  abdominal  end  was  firmly  adhereut  to  the 
ovary,  and  completely  occluded.  In  my  previous  paper  a  case 
of  pyosalpinx  was  described  which  occurred  in  a  kangaroo ;  a 
second  specimen  has  since  come  to  hand.  Now  that  the  affec- 
tion has  been  found  also  in  pigs  and  in  the  cow,  there  can  be 
little  doubt  that,  if  carefully  looked  for  in  other  mammals,  by 
those  who  have  opportunities,  other  cases  will  doubtless  come  to 
light. 

Before  leaving  the  ovary  it  will  be  of  interest  to  consider 
further  certain  details  connected  with  the  "tissue  of  the  hilum." 
For  several  months  I  have  systematically  examined  the  ovaries 
of  every  female  human  foetus,  from  the  eighth  to  ninth  month 
of  intra-uterine  life,  which  has  come  into  my  room  for  dissection. 
The  ovaries  were  preserved  entire  in  MUller's  fluid  in  the  usual 
way,  and  when  properly  hardened  were  cut  into  sections  for  the 
microscope.  In  this  work  I  was  fortunate  enough  to  ha^  the 
assistance  of  three  of  my  pupils — ^Messrs  Sibley,  Nash,  and 
Marris — in  cutting  and  mounting  many  of  the  specimens. 

The  results  of  this  work  will  be  briefly  stated.  In  all  cases 
the  "  tissue  of  the  hilum  "  was  very  conspicuous,  but  varied  con- 
siderably in  amount.  It  consists  chiefly  of  connective  tissue, 
containing  a  very  large  number  of  veins.  These  veins,  later  in 
life,  may  undergo  abnormal  dilatation,  constituting  varicocele  in 
the  female,  which  is  in  every  respect  analogous  to  the  same  con- 
dition occurring  in  relation  with  the  testicle. 

In  the  majority  of  the  ovaries  examined,  the  tubules  consti- 
tuting the  parovarium  could  be  traced  with  ease  into  the  sub- 
stance of  the  ovary,  but  they  were  ia  the  majority  of  cases 
entirely  confined  to  the  hilum  of  the  organ.  Associated  with 
the  tissue  of  the  hilum  are  relics  of  the  mesonephros  (Wolffian 
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body),  named  by  Waldeyer  "  the  paroophoron."  The  paroophoron 
agrees  histologically  as  well  as  in  the  matter  of  development  with 
the  paradidymis  (organ  of  Girald^s.)  Critical  examination  of 
the  '*  tissue  of  the  hilam "  has  served  to  convince  me,  not 
merely  that  it  contains  remains  of  the  mesonephros,  but  that 
the  counective  tissue  composing  it  is  derived  directly  from  the 
degeneration  of  that  organ. 

It  occasionally  happens  that  at  birth  an  ovary  will  be  found 
divided  by  a  deep  longitudinal  furrow.  In  some  of  these  speci- 
mens the  furrow  actually  divides  the  ovary  into  two  histologi- 
cally distinct  parts — parenchyma,  and  mesonephritic  remains. 
This  is  very  well  seen  on  Plate  XIII.  fig.  1,  where  the  part  P 
represents  true  ovarian  stroma,  and  0  a  very  large  paroophoron  ; 
the  section  being  carried  across  the  two  edges  of  the  longitudinal 
furrow  before  referred  to. 

In  one  case  in  which  the  ovary  was  found  to  be  cystic,  some 
of  the  cysts  being  as  large  as  a  pea,  the  remains  of  the  meso- 
nephros exceeded  the  bulk  of  the  true  ovarian  stroma  three 

times. 

The  transverse  section  (that  is,  in  the  direction  of  the  minor 
axis)  of  the  foetal  ovary  on  Plate  XIII.  fig.  2,  represents  another 
example  of  an  excessive  amount  of  mesonephritic  tissue.  In  this 
instance  the  foetus  was  anencephalic.  In  this  ovary,  as  well  as 
in  the  one  represented  in  fig.  1,  the  distinction  between  the 
two  parts  was  so  obvious  that  it  was  easy  to  determine  the 
parenchyma  from  the  ''  tissue  of  the  hilum/'  when  the  sections 
were  made  transparent  and  fixed  upon  a  slide. 

The  relation  of  the  various  parts  of  the  ovary  to  each  other, 
and  to  cystic  formations  occurring  in  that  organ,  are  represented 
in  Plate  XIII.  fig.  3.  This  figure  has  been  compounded  from  a 
series  of  sections  of  a  human  ovary  at  the  ninth  month.  It  is 
intended  to  show  the  parenchyma,  with  a  ripe  ovum  lying  in  a 
follicle,  also  a  corpus  luteum.  Eunning  into  the  hilum  are 
several  parovarian  tubules,  and  lying  among  them  is  an  incipient 
papillary  cyst,  which  is  prone  to  occur  in  this  part  of  the  ovary. 

Seeing  that  the  "  tissue  of  the  hilum  "  really  has  its  origin  in, 
and  often  contains  the  remains  of  part  of  the  mesonephros, 
and  is  really  equivalent  to  the  structure  named  by  Waldeyer 
"  paroophoron,"  it  seems  unnecessary  to  employ  the  term  "  tissue 


t» 
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of  the  hilam/'  but  to  regard  the  ovary  as  being  compounded  of 
two  parts,  oopkoron  and  parfiopkoran. 

The  investigation  has  not  only  been  interesting  concerning 
the  relation  of  the  tissue  of  the  hilum  to  the  paroophoron,  but  it 
surprised  me  in  the  very  large  proportion  of  foetal  ovaries  which 
present  a  cystic  condition  at  birth.  I  have  already  seen  seven 
examples,  out  of  a  total  of  more  than  forty  foetuses,  which  have 
been  specially  examined  in  regard  to  this  point  After  birth, 
doubtless,  many  of  these  cysts  disappear,  or  cause  no  trouble ; 
nevertheless,  there  can  be  little  doubt  that  many  ovarian  cysto* 
mata  which  later  in  life  give  trouble,  had  already  commenced 
their  growth  in  the  ovary  at  the  time  the  unfortunate  individuals 
who  possess  them  commenced  their  extra-uterine  existence. 

Broad  Ligament  Cysts. — In  a  criticism  on  my  previous 
communication  regarding  cysts  in  connection  with  the  repro- 
ductive organs  of  animals,  in  this  Journal,  vol.  xix.  p.  121, 
Mr  Doran  suggested  that  in  all  probability  some  of  the  cysts 
described  as  parovarian  in  origin  might  really  be  simple  broad 
ligament  cysts,  unconnected  with  the  parovarian  tubules.  An 
examination  of  some  fresh  ovaries  of  mares  has  convinced  me 
that  some  of  the  cysts  fouqd  in  the  mesosalpinx  are  uncon- 
nected with  the  parovariuuL  Ou  Plate  XIII.  fig.  4,  is  shown  the 
Fallopian  tube  of  a  mare  with  three  of  these  cysts  in  situ: 
they  were  situated  between  the  layers  of  the  mesosalpinx, 
possessed  thin  walls,  and  were  Qlled  with  fluid.  Bunning 
among  the  cysts  and  in  relation  with  one  of  them  are  large 
dilated  lymphatic  vessels.  These  lymphatic  vessels  in  cases  of 
obstruction  caused  by  cysts  are  easy  of  detection,  for  imme- 
diately after  death  the  lymph  coagulates,  and  they  become  dis- 
tended as  by  a  natural  injection.  Probably  many,  but  not  all, 
simple  broad  ligament  cysts  arise  from  dilatation  of  lymphatic 
channels. 

Oartner^s  or  Oaertner's  Ducts. 

Whilst  engaged  in  examining  the  generative  organs  of  cows, 
I  seized  the  opportunity  of  further  testing  the  question  as  to  the 
probability  of  cysts  of  the  broad  ligaments  and  of  the  upper 
part  of  the  vagina  arising  in  these  ducts  or  their  rudiments. 

The  material  was  exceedingly  favourable  for  the  investigation. 
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because  in  cows  these  ducts  attain,  so  far  as  female  mammals 
are  concerned,  a  very  high  development.  Among  the  seventy 
specimens  the  following  variations  in  the  condition  of  Gartner's 
duct  were  met  with. 

Tn  alt  young  animals  both  ducts  were  present  as  pale  streaks 
on  the  ventral  wall  of  the  uterus,  immediately  beneath  the  peri- 
toneum. In  the  majority  of  the  specimens  they  became  gradu- 
ally incorporated  with  the  tissue  of  the  cervix  uteri,  their  lumen 
gradually  suffering  obliteration  at  this  point ;  in  some  cases,  but 
quite  exceptionally,  they  opened  on  the  mucous  surface  of  the 
vagina,  midway  between  the  os  uteri  externum  and  the  meatus 
urinarius.  Anteriorly  these  tubes  were  continuous  with  the 
longitudinal  tube  of  the  parovarium.  In  older  cows  the  ducts 
in  some  cases  disappear  in  various  parts  of  their  course,  in  a  few 
instances  completely.  The  persistent  portions  of  the  tube,  how- 
ever, dilate,  especially  in  the  neighbourhood  of  the  cervix  and 
vagina,  forming  tubulo-cysts,  which  in  some  cases  are  as  large  as  an 
orange,  and  bulge  into  the  vagina.  In  cows  which  have  borne 
several  calves,  the  ducts  in  relation  with  the  cervix  exhibit 
extreme  thickening  of  the  walls,  as  though  from  chronic  inflam- 
mation. If  the  ducts  remain  pervious  throughout  their  whole 
length  they  increase  in  dimensions  with  the  uterus,  often  attain 
the  size  of  a  quill  pen,  and  are  filled  with  fluid  resembling  serum. 

There  is  yet  one  other  point  of  some  interest  to  be  considered 
in  relation  to  the  mode  of  termination  of  these  ducts  in  the 
vagina.  Anatomists  had  long  been  of  opinion  that  two  minute 
openings  in  the  human  vagina,  near  the  opening  of  the  urethra, 
represented  the  terminal  orifices  of  Gartner's  ducts,  which  have 
become  familiar  as  Skene's  tubes.  Further  attention  was  centred 
upon  them  when  it  was  found  that  they  are  liable  to  inflame  and 
lead  to  trouble  in  the  human  subject  Recently,  however,  the 
relation  of  the  orifices  to  Gartner's  ducts  has  been  questioned  by 
Dr  Schliller^  and  others,  and  the  openings  have  been  described 
as  belonging  to  two  glands  lying  in  the  wall  of  the  vagina,  near 
the  termination  of  Gartner's  ducts.  A  knowledge  of  these 
opinions  induced  me  to  write  cautiously  on  the  mode  of  termi- 
nation of  the  ducts  in  my  previous  papers  on  the  subject,  until 

^  See  Doran,  Twrnjown  of  (Ha  Ovartf,  page  48. 
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leisure  and  opportanity  should  enable  me  to  inquire  into  tbe 
matter  afresh. 

It  is  a  fact  thoroughly  eBtablished  that  the  vass  deferentia  of 
the  testiclea  ate  the  male  representatives  oC  the  ducts  of  Gart- 
ner in  the  female.  Immediately  before  the  vasa  termiaate  on 
the  floor  of  the  urethra  two  diverticula  are  found,  the  TesicuUe 
seminales.  In  vii^n  cows  a  similar  but  very  much  smaller 
diverticulum  arises  from  the  end  of  Gartner's  duct,  and  is  situated 
in  the  wall  of  the  vagina.  lu  very  many  cases  the  duct,  im- 
mediately above  the  glandular  diverticulum,  ofben  becomes 
obsolete  as  mentioned  before.  Under  such  conditions  a  thin 
probe  passed  into  the  orifice  of  the  duct  when  euBting  would 
lead  into  the  gland,  but  not  into  tbe  duct  above,  and  thus  give 
rise  to  tbe  fallacy  of  the  independence  of  the  gland  in  question 
from  Gartner's  duct.     See  woodcut  4. 

In  this  diagram  (1)  T8present»  the  vas  deferens  in  its  relation 
to  the   vesicula    seminalis.     (2) 
Shows  the  duct  of  Gartner  and 
the  glandular  diverticulum  I  have 
described,  the  diverticulum  bear- 
ing the  same  relation  to  tbe  duct 
as  the  vesicula  seminalis  does  to  , 
the  vas  in  the  male.    (3)  This  is  1 
intended  to  represent  a  not  nn-  Fiq.  4, 

common  condition  of  the  glands  l.  The  TudebrensuidTesicalaMmi- 
in  question;  the  tube   becoming        "^^     2.  QSrtnerV duot  and it» 
J.  ,  ,      ,         ,,  diyerticnlnm.    8.  The  terminal 

impervious  immediately  above  the  „^^  „a  diverticnl«m  of  ffiirt. 
spot  where  the  gland-duct  joins  ner's  dqct  in  its  moat  common 
thelube.  Thisarrangementclearly  condition, 
explains  the  apparent  independence  of  the  gland  and  Gartner's 
dnct  Jn(^ing  from  the  number  of  specimens  I  have  dissected, 
it  is  easy  to  understand,  from  the  frequent  amount  of  mucoid 
fluid  they  contain,  that  they  could  easily  become  involved  in 
local  catarrhal  inflammation,  and  lead  to  considerable  annoyance. 
But  that  they  are  independent  of  the  ducts  of  Gartner  is 
erroneous. 

From  the  foregoing  statements  the  following  are  the  chief  in- 
ferences which  may  be  drawn : — 

1.  In  cows,  maxes,  pigs,  tigers,  goats,  and  human  beings,  some 

VOL.  XX.  2  F 
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cysts  of  the  oyariea  arise  in  corpora  lutea  either  of  pregnancy 
or  of  menstruation.  Waldeyer,  Beigel,  and  De  Sin^ty  have 
pointed  out  that  even  before  birth  the  ova  ripen,  atrophy,  and 
form  a  kind  of  corpus  luteum.  I  have  had  ample  opportanities 
of  confirming  these  statements,  and  have  convinced  myself  that 
the  process  goes  on  throughout  childhood,  and  gives  rise  to  cysts. 

2.  Pigs  and  cows,  as  well  as  kangaroos,  are  occasionally  liable 
to  dilatation  of  the  Fallopian  tubes  due  to  adhesion  of  the 
fimbriated  end  to  the  ovary.    HydroscUpinx. 

3.  Gartner's  ducts  are  potential  sources  of  vaginal  cysts. 

4.  Skene's  tubes  (so-called)  are  diverticula  of  Grartner's  ducts, 
and  represent  in  the  female  the  vesiculsa  seminales  of  the  male. 

Scleral  Oygtw  Tvmours. 

A  vast  number  of  tun^ours,  varying  in  character  from  a  simple 
cyst  to  a  more  or  less  fully  formed  individual,  have  been  placed 
on  record  as  occurring  in  connection  with  the  sacral  and  coccy- 
geal regions  of  human  beings.  The  term  sacral  tumour  has  been 
used  by  pathologists  in  a  generic  sense  to  include  all  the 
varieties  of  these  singular  formations. 

Within  the  last  few  years  some  observations  have  been 
recorded  which  tend  to  throw  some  definite  light  on  these  cases 
and  recent  advances  in  the  science  of  embryology,  especially  in 
connection  with  the  caudal  extremity  of  the  embryo,  offer  clear 
explanations  o|  the  cystic  varieties  of  sacral  tumours. 

In  the  first  place  it  must  be  pointed  out  that  it  is  necessary 
to  separate  the  various  tun^ours  into  classes. 

Braune,  who  has  collected  a  vast  number  of  these  cases 
(95  in  all)  in  his  admirable  monograph,  Die  DoppdhUdungen 
und  angeborenen  OeschvrOMe  der  Krenabeingegend,  1862,  divides 
them  thus ; — (1)  Parasitic,  or  attached  foetuses ;  (2)  Hygromata, 
or  cysts ;  (3)  Lipomata.  The  first  of  these  three  groups  I  do  not 
propose  to  consider,  but  the  cystic  formations  and  lipomata  will 
claim  especial  attention. 

Braune  clearly  recognised  that  among  the  sacral  hygromata 
we  have  to  deal  with  two  distinct  varieties,  one  form  arising  as 
a  dilatation  of  the  caudal  extremity  of  the  spinal  meninges,  the 
other  he  endeavoured  to  account  for  rather  fancifully,  as  arising 
from  the  degeneration  of  Luschka's  coccygeal  gland. 
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The  first  tjpe  case  is  from  a  preparation  preserved  in  the 
Meckeliaii  Museum  at  Halla  The  tumoor  was  attached  to  the 
lower  sacral  region,  and  measured  10  cm.  in  length,  6  cm.  ia 
breadth,  and  hung  pendnlant  by  a  pedicle  1  cm.  in  thickness. 
The  details  of  its  relation  to  the  vertebral  column  are  shovn  in 
fig.  5.    An  accurate  dissection  of  the  relation  of  the  coverings 


Fia  B. — A  congenital  sacral  cystic  I^™.   6.  — Congenital    cystic    aacral 

tnmoor  dae  to  diI>t>tioQ  of  ths  tomoor  lying  anterior  to  the  bo- 

tanninal   portion   of  the   spinal  cnun.     (After  BTanne.  )>.«.,  inno- 

meninges.     (After  Braune.)  a.c,  minate  bone;   f.e.,   spinal   canal; 

spinal  canal ;  s.m.,  dura  mater.  UA.,  levator  oni ;  a,  gut 

of  the  tumour  to  the  fascia,  &&,  of  the  trunk  was  not  possible 
on  account  of  the  long  soaking  of  the  specimen  in  spirit.  The 
following  points,  however,  could  be  made  oat  with  certainty. 
The  central  cavity  of  the  tumoor  was  in  relation  with  the  spinal 
canal,  as  in  the  case  of  a  spina  bifida,  but  with  this  difierence, 
the  communication  occurred  throi^h  the  normal  hiatus  saeralie. 
The  walls  of  the  cyst  were  made  up  of  skin,  fascia,  connective 
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tissue,  muscle  fibre,  and  a  fibrous  lining  to  the  cyst  resembling 
the  dura  mater. 

The  second  type  case  was  also  preserved  in  the  Meckellaa 
collection  at  Halle.  It  was  a  seven  months'  female  foetus, 
which  had  long  been  preserved  in  alcohol.  The  anatomical 
details  are  shown  in  woodcut  6.  In  this  instance  the  tumour 
is  unconnected  with  the  spinal  canal,  which  is  completely  closed, 
and  lies  on  the  anterior  (ventral)  aspect  of  the  coccyx.  Between 
it  and  the  rectum  is  the  levator  ani  muscle,  and  a  fibrous 
envelope  which  surrounds  it  is  directly  continuous  with  the 
coccygeal  periosteum.  The  centre  of  the  mass  is  traversed  by 
trabeculsB  giving  rise  to  a  cystip  condition.  It  is  this  form  of 
sacral  congenital  tumour  that  is  often  described  as  sarcomatous. 
In  this  case  Braune  considers  the  tumour  to  have  arisen  as  a 
result  of  the  degeneration  of  Luschka's  coccygeal  gland ;  in  this 
opinion  he  is  followed  by  others.  This  view,  however,  is 
rendered  qomewhat  untenable  by  the  investigations  of  embry- 
ologists  in  relation  to  the  post-anal  gut 

In  adult  animal  forms  it  is  the  normal  condition  that  the 
rectum  should  terminate  by  i^  external  opeqing  called  the  anus. 
In  1871  Kowalevsky^  drew  attention  to  the  remarkable  circum- 
stance that  the  alin^entary  canal  is  brought  into  direct  communi- 
cation with  the  central  canal  of  the  spinal  cord  by  means  of  a 
passage  known  as  the  neurenteric  canal,  which  turns  round  the 
posterior  end  of  the  notochord.  He^  also,  pointed  out  the 
interesting  fact  that  primarily  the  gut  is  continued  posteriorly 
beyond  the  anus,  this  prolonged  portion  being  named  by  Balfour 
the  "post-anal  gut."  The  general  relation  of  the  anus,  post- 
anal gut,  neurenteric,  and  neural  canals  to  one  another  are  repre- 
sented in  fig.  7. 

Subsequent  researches  show  that  this  arrangement  of  the 
primary  intestinal  canal  probably  holds  good  for  all  Ghordata 
from  amphioxus  up  to  man. 

Since  the  announcement  of  its  discovery  by  the  great  Bussian 
researcher  it  has  been  found  in  Acipenser,  Axolotl,  Bombinator, 
Plagiostomi,  Teleostei,  the  hen,  rabbit,  and  in  the  human  embryo. 
These  later  observations  are  of  great  interest,  for  on  the  first  dis- 

1  ArckivfUrMiJcr,  Anat.,  Bd.  vil  S.  114. 

2  Ibid.,  Bd.  xiii,  S.  194,  196. 
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covery  of  the  oeureiiteric  canal  it  was  thought  to  be  a  peculiar 
IchthyopBidiau  character.  Careful  observatiotiB  od  variouB  forms 
of  the  higher  vertebrata  go  to  show  that  a  neurenteric  passage 


Pia,  7.  — LobgitndmBi  aection  of  aa  embryo  Bomtinator  ignxia.  A,  mxa  ;  ^ 
firsin ;  tr,  notochord  ;  m,  moath ;  I.,  liver  ;  n.c,  Deurenterie  canal ;  M.O., 
ni«dnUM7  euial  (after  Ooette). 

and  a  post-anal  gnt  are  characters  perhaps  as  coostant  as  a 
notochord. 

For  a  general  review  of  the  literature  of  this  interesting 
subject,  and  a  detailed  account  of  the  embryology  and  structural 
characters  of  the  part,  the  reader  should  consult  Balfour's 
EfrAryology,  vol.  ii  pp.  267  and  634.^  The  points  most  import- 
ant for  Our  present  purpose  are  the  following : — 

The  post-anal  gut  ib  always  better  developed  in  the  lower 
than  in  the  higher  forms  of  vertebrate  life.  In  Elasmobranchs 
it  is  very  well  developed,  and  persists  during  a  considerable 
portion  of  embryonic  life,  and  at  one  period  presents  itself  as 
a  terminal  vesicle  at  the  end  of  the  tail,  but  communicates  by 
a  narrow  neck  with  the  neurenteric  canaL  These  curious 
relations  of  parts  have  led  embryologiate  into  some  very 
interesting  speculations  regarding  the  original  position  of  the 
anus,  but  interesting  as  tbey  are,  we  cannot  further  follow  them 
in  connection  with  this  subject.  The  first  attempt  to  asso- 
ciate the  origin  of  sacral  cyats  with  post-anal  gut  was  that  by 
Middeldorpf,*  who,  in  reporting  a  case  of  congenital  sacral  cyst, 
consulted  Wiedersheim  in  relstion  to  the  development  of  the 
parts  in  animals.  This  induced  him,  in  the  paper  mentioned, 
to  connect  the  cyst  with  developmental  conditions,  and  he  farther 

'  Bslfonr*!  Dtvtlopmtni  of  EUumobrawh  FiiKu,  p.  91  t-ai  21S,  msyibe  coa- 
SDlted  with  adruitage. 
>  ViT<:hote_AnK.,  Bd.  101,  p.  87. 
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poiute  OQt  that  abnormal  dilatations  of  this  section  of  the  gut 
belong  to  the  Bame  category  as  cases  of  abnormal  persistence, 
and  in  many  cases,  undue  dilatation  of  a  vitelline  duct 

The  lining  tissue  of  the  cyst  was  also  confirmatory  of  the 
opinion  of  Middledorpf  as  to  the  origin  of  the  cyst,  for  it  not 
only  presented  a  similar  structure  to  gut  under  the  microscope, 
but  solitary  folliclea  were  also  present  in  great  quantity. 

This  case  is  an  eminently  satisfactory  one,  but  it  only 
disposes  of  a  part  of  the  question ;  nevertheless  it  proves  that 
certain  cystic  sacral  tumours  may  arise  in  connection  with  the 
post-aual  section  of  the  alimentary  canal  We  must  now  con- 
sider some  of  the  arguments  which  associate  a  few  of  these 
cystic  tumours  with  the  medullary  canaL 

Virchov/a  ArcMv,  Bd.  c  s,  571,  contains  an  article  written 
by  the  great  pathologist  who  edits  the  Arckiv,  entitled 
"  Ueber  einen  Fall  von  Hygroma  cysticum  glutaeale congenitum." 
In  this  instance  Virchow  received  from  Dr  Ludwig  Wolff  a 
tumour,  apparently  a  lipoma,  which  had  been  extirpated  from 
the  gluteal  region  of  a  new-bom  negro  child.  Its  appearance 
and  situation  is  represented  in  the  accompanying  drawing 
(fig.  8),  modified  from  the  original  figure.      It  is  in  shape 


Fio.  8  .  —  Congeni- 
tal   sacTHl    CfBtiC 

bom  negro-child. 
(Modified  from 
Virchow.)  Fto.  9. 

like  a  lai^e  fig,  and  measures  7*3  cm.  in  length  and  in  width 
3*7  cm.  On  section  the  interior  was  found  to  be  occupied  by 
two  cysts.  The  walls  of  the  tumour  were  thick,  and  composed 
of  skin  externally,  fibrous  tissue,  transversely  striated  muscle 
fibre,  nerve  fasciculi,  and  arteries  with  thick  walls.  The  inner 
wall  of  the  cyst  was  lined  with  flat  granular  epithelium.     From 
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a  careful  consideration  of  the  case  Yirchow  comes  to  the  con- 
clnsion  that  we  have  to  deal,  notwithstanding  its  lateral  situation, 
with  a  derivative  from  the  spinal  sheath.  As  in  the  variety  of 
these  cysts  previously  considered,  we  have  positive  evidence  that 
hygromata  may  be  derived  from  the  hernial  protrusions  of  spinal 
membranes,  as  in  spinse  bifida^ ;  the  sac  may  become  peduncu- 
lated, the,  pedicle  finally  close,  and  the  sac  become  separated 
from  the  spinal  sheath,  as  is  shown  in  the  specimen  represented 
in  the  diagram  (fig.  9). 

The  case  from  which  this  diagram  has  been  constructed  was 
the  remarkable  one  described  by  Mr  Solly  (Med.  and  Chdr.  JSoc 
Trans.,  voL  xl.  p.  19).  The  tumour  was  noticed  at  birth,  but 
on  account  of  its  connection  with  the  spinal  canal  its  removal 
was  deferred  until  the  patient  was  twenty-nine  years  old.  It 
was  satisfactorily  removed  by  Mr  Solly.  It  was  united  by  a 
ligamentous  pedicle  to  the  spine,  but  no  communication  existed 
with  the  spinal  canal.  The  section  of  the  tumour  exactly  re- 
sembled the  pedunculated  lipomata  occurring  in  connection  with 
the  sacrum.  Three  figures  illustrate  the  case  in  the  original 
paper,  but  the  details  are  represented  diagramatically  in  fig.  9. 

This  second  variety  of  sacral  cyst  arises  in  connection  with 
the  structures  on  the  dorsal  aspect  of  the  neurenteric  canal. 
These  two  cases,  Middledorpf  and  Virchow*s,  confirm  Braune's 
views,  that  one  form  of  these  cysts  lie  anterior  to  the  coccyx,  and 
the  other  posterior,  exactly  as  represented  in  figs.  5  and  6, 
and  testify  to  the  correctness  of  the  view  that  the  first  variety 
arises  as  a  distension  of  the  spinal  meninges.  Whether,  in  as- 
cribing the  second  variety  to  a  degeneration  of  Luschka's  gland, 
Braune  is  in  keeping  with  facts  must  now  be  discussed.  The 
arguments  against  this  view  of  their  origin  are  the  following : — 

(1)  Luschka's  gland  is  composed  chiefly  of  a  coil  of  blood- 
vessels and  connective  tissue.  Congenital  sacral  tumoiirs 
contain  few  blood-vessels. 

(2)  In  carefully-examined  specimens  of  the  congenital  sacral 
tumours  of  the  cystic  variety,  the  cysts  and  duct-like  passages 
are  lined  for  the  most  part  with  cubical  epithelium,  and  are  held 
together  by  young  connective  tissue.  The  epithelium  is  usually 
columnar.  These  two  circumstances  alone  are  sufficient  to 
exclude  the  coccygeal  gland  as  the  germ  which  gives  rise  to 
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these  tumourB.  On  the  other  hand,  the  structure  of  the  post- 
anal gut  eminently  accords  with  the  histological  details  of  the 
cystic  masses  in  question. 

(3)  When  we  remember  the  tendency  functionless  ducts  and 
tubules  have  to  become  cystic,  and  consider  the  position  and  often 
pedunculated  but  usually  impervious  connection  these  tumours 
have  with  the  rectum,  and  the  close  agreement  of  the  epithelial 
lining  in  the  two  cases,  it  seems  to  me  that  the  evidence  as  to 
the  origin  of  these  cysts  in  the  post-anal  gut  is  beyond  doubt, 
and  it  is  a  more  satisfactory  explanation  than  calling  in  the  aid 
of  Luschka's  gland. 

We  must  now  consider  the  third  group — lipomata.  Several 
instances  have  been  collected  by  Braune  and  others  of  the  occur- 
rence of  congenital  lipomata  in  the  sacral  region,  and,  as  we  saw  in 
Yirchow's  case,  the  growth  was  thought  to  be  a  lipoma  by  the 
operator  who  removed  it.  From  a  careful  consideration  of  many 
recorded  cases  of  fatty  tumours  occurring  in  unusual  situations, 
and  of  several  of  which  I  have  had  opportunity  of  examining,  I 
ventured  to  publish  a  paper  in  the  Trans,  Med.  and  Chir.  Soc,,  vol. 
Ixviii.,  dealing  with  the  subject,  and  endeavoured  to  show  that 
many  of  these  uncommon  lipomata  are  really  to  be  regarded  as 
being  originally  composed  of  higher  tissues,  such  as  muscle,  nerve, 
&c.,  which^  in  consequence  of  having  no  function,  have  retrograded 
into  fat.  So  in  these  examples  of  sacral  lipomata;  doubtless  they 
originated  as  diverticula  from  the  spinal  meninges  or  post-anal 
gut|  as  the  case  may  be,  and  the  tissues  covering  them,  muscles, 
nerves,  &c.,  have  degenerated  into  fat 

Careful  consideration  of  the  anatomical  and  histological 
characters  of  these  tumours  seems  clearly  to  indicate  that  one 
variety  arises  from  a  dilatation  of  the  meninges  of  the  spinal 
cord ;  the  second  variety  is  associated  with  the  post-anal  gut, 
and  the  third  group  or  lipomata  may  arise  in  connection  with 
either,  but  seems  to  be  more  frequently  associated  with  the 
spinal  variety. 

Befebences. 

In  addition  to  the  eighty-six  cases  of  sacral  tumours  (hygroniata, 
lipomata,  spinal  diverticula  and  coccygeal  gland  ?  tumours)  recorded 
by  Braune  in  his  classical  work  already  referred  to,  the  following  cases 
may  be  mentioned  : — 
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Hutchinson,  Illustratums  of  Clinical  Surgery,  fas,  xiii.    This  paper 
also  contams  several  references. 

Shattogk,  Trans.  Path.  Soc.,  voL  xxxiL  p.  197. 

Maonamara,  Trans,  Path,  8oc,,  vol.  xxziL  p.  199. 

Treves,  Trans.  Path.  Soc.,  vol.  xxxiiL  p.  285. 

Wagstapfb,  St  ThomaJ  Hosp.  Rep.,  voL  iv.  p.  213. 

ViRCHOW,  Archiv,  Bd.  100,  p.  571. 

MiDDLEDORPP,  Virchow^s  Archives,  Bd.  101,  p.  37. 

Holmes,  System  of  Surgery,  vol.  iii  p.  780.     3rd  editioxL 

The  standard  works  of  Gurlt,  Forster,  Ahlfeld,  and  of  Geoffrey  St 
Hilaire  contain  nmnezonB  cases  of  this  nature. 


Dermoid  Cysts  6f  ths  Tongue. 

In  the  preceding  account  of  sacral  congenital  tumours  it 
seems  fairly  evident  that  we  have  to  deal  with  cystic  formations 
arising  in  connection  with  ''  obsolete"  canals — obsolete  in  the 
sense  of  being  disused.  There  are  many  examples  ot  these 
disused  canals  and  passages  in  the  body,  €.g.,  the  pouch  of 
Bathke,  at  the  top  of  the  pharynx;  the  inf undibulum ;  the 
branchial  arches;  the  central  canal  of  the  spinal  cord;  the 
neurenteric  passage;  the  post-anal  gut;  the  tubules  of  the 
Wolffian  duct,  &c. 

In  nearly  all  these  passages  we  have  a  striking  arrangement 
of  parts,  for  these  canals  served  during  some  period  of  embry- 
onic life  to  bring  the  three  blastodermic  layers,  epi-,  hypo-,  and 
mesoblast,  into  intimate  relation. 

In  this  section  I  shall  confine  my  remarks  particularly  to 
dermoids  of  the  tongue,  for  in  this  situation  the  relation  of 
teratomata  to  obsolete  canals  is  illustrated  in  a  very  striking 
and  remarkable  inanner. 

The  best  account  of  lingual  dermoid  cysts,  and  one  easy  of 
access,  is  by  Mr  Barker,  Trans.  Clin.  Sac.,  voL  xvi  p.  215.  Mr 
Barker  not  only  gives  an  interesting  description  of  a  case  occur- 
ring in  his  practice,  but  has  collected  and  analysed  sixteen  other 
recorded  examples,  and  furnishes  the  following  rules  concerning 
them ; — 

1.  They  may  be  unilateral,  lying  between  the  genio-hyo-glossi 
and  the  mylo-hyoid  muscles,  on  one  side  or  the  other. 
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2.  They  may  be  central,  lying  between  the  genio-hyo^loesi 

muscles. 

3.  They  may  be  bilateral,  lying  between  the  mylohyoid  and 

geuio'hyo-glossi  muscles. 

Histologically  they  consist  of  tough  fibrous  walls,  with  a  thin, 
smooth  lining  membrane.  They  contain  sebaceous  matter  and 
embedded  hairs,  and  perhaps  teeth. 

Mr  Butlin^  says  of  these  cysts : — "  Cases  in  which  their  actual 
existence  has  been  noticed  soon  after  birth  have  been  very  few, 
and  the  very  large  majority  of  dermoid  cysts  of  the  mouth  have 
been  observed  in  adults,  or  at  upwards  of  thirty  years  of  age. 
One  case  has  been  described  in  which  the  patient  was  more  than 
sixty  years  old."  I  shall  now  proceed  to  show  that  dermoids  in 
the  tongue  receive  an  explanation  on  anatomical  grounds. 

Professor  Wilhelm  His,  in  a  recent  work^  AncUamie  inensch- 
liclien  Emhryoneny  Heft.  iii.  p.  100, 1885,  gives  an  account  of  a 
narrow  ducf;  lined  with  epithelium,  which  runs  from  the  foramen 
ceecum  on  the  dorsum  of  the  tongue  downwards,  between  the 
genio-hyo-glossi  muscles,  to  end  blindly  in  the  hollow  of  the 
basi-hyoid.  This  is  termed  by  His  the  lingucd  canal.  Asso- 
ciated and  often  in  connection  with  the  duct,  is  a  third  or 
middle  lobe  to  the  thyroid  gland.  This^  too,  is  in  connection 
with  a  duct  known  as  the  thyroid  canal.  In  embryonid  life  the 
two  ducts  are  continuous,  and  constitute  a  canal  known  as  the 
ductus  thyreo-glossus. 

The  existence  of  these  ducts  admits  of  no  doubt  whatever.  In 
the  tongue  of  the  human  foetus  at  birth  a  thin  bristle  may  often 
be  passed  from  the  foramen  caecum  to  the  hollow  of  the  basi- 
hyoid.  In  the  adult  it  is  best  demonstrated  by  carefully  remov- 
ing the  body  of  the  hyoid  bone,  as  shown  in  Plate  XIII.  fig.  6, 
then  carefully  dissecting  the  cellular  tissue  lying  between  the 
genio-hyo-glossi,  the  duct,  if  present,  is  easily  found.  IJp  to 
the  present  I  have  searched  for  the  lingual  duct  fourteen  times^ 
and  found  it  present  in  a  complete  form  thrice ;  in  other  speci- 
mens it  could  only  be  distinguished  in  parts  of  its  course^  but  in 
the  majority  of  cases  no  trace  of  it  could  be  detected  except  the 
foramen  csscum,  and  in  some  specimens  even  this  r^cSss  was 
wanting. 

^  DUeaaui^the  Tongue, 
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The  morphology  of  this  duct  I  do  not  propose  to  coiifiiJer  at 
present,  for  it  will  be  essential  to  work  oat  its  leading  Features 
as  far  as  possible  in  a  variety  of  mammals.  The  interest  it  has 
for  us  in  this  paper  is  that,  as  in  the  case  of  sacral  congenital 
tumours  and  pituitary  teratomata,  dermoids  of  the  tongue  occur 
in  the  immediate  neighbourhood  of,  if  not  in  some  way  con- 
nected with,  an  obsolete  canal,  which  traverses  a  large  mass  of 
mesoblastic  tissue  and  brings  the  buccal  epiblast  and  the  hypo- 
blast of  the  branchial  clefts  into  intimate  relation. 

It  is  of  course  possible  that  these  cysts  arise  in  the  same 
way  as  cutaneous  proliferous  cysts,  occurring  at  the  angle  of 
the  orbit,  between  the  dura  mater  and  the  skull,  and  on  the 
bodies  of  animals  (see  Plate  XIIL  fig.  5),  viz.,  that  they  are  in- 
voluted islands  of  superficial  epiblast,  which  play  the  part  of 
tumour  germs.  In  the  case  of  the  skull  we  know  that  the  skin 
and  dura  mater  are  in  embryonic  life  in  contact,  an  association 
which  becomes  disturbed  when  osseous  material  is  deposited  to 
form  the  skull.  It  is  easy  to  see,  as  in  a  case  reported  by  Pro- 
fessor Turner,^  and  more  especially  one  by  Dr  Ogle,^  that  the 
cyst  may  have  had  its  origin  in  small  islands  of  skin  left  on  the 
dura  mater  abnormally.  In  Professor  Turner's  specimen,  although 
there  was  no  visible  defect  in  the  occipital  bone,  as  in  Dr  Ogle's 
specimen,  nevertheless  the  cyst  occurred  at  a  spot  where  for  a 
long  period  of  intra-uterine  life  a  defect  or  cleft  exists  in  the 
squamo-occipital  bone,  and  where  skin  and  dura  mater  were  in 
close  relation. 

Tracheal  Cysts, 

An  interesting  cyst  came  under  my  observation  in  an  Emu, 
DramcBus  fume-hoUanduB.  Before  entering  into  the  details  of 
the  case  it  will  be  necessary  to  give  a  brief  account  of  the  normal 
anatomy  of  the  trachea  of  this  singular  bird. 

If  the  integument  be  carefully  dissected  from  the  neck  of  an 
emu,  a  curious  deficiency  in  the  anterior  wall  of  the  trachea 
will  be  exposed,  usually  corresponding  to  a  variable  space  be- 
tween the  fiftieth  and  sixtieth  rings.  The  general  aspect  of  this 
singular  opening  may  be  fairly  inferred  from  Plate  XIIL  fig.  7. 
Although  the  number  of  tracheal  rings  which  are  defective  vary, 

^  Sartk,  Hosp,  Bept,^  voL  il  ^^PcUk.  Soc,  Trans, ,  vol.  vi.  p.  12. 
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yet  for  the  most  part  the  gap  rarely  exceeds  seven  rings  in  longi- 
tudinal extent  The  opening  is  about  two  and  a  half  inches  in 
length. 

In  connection  with  this  aperture  is  a  sac,  varying  in  dimen- 
sions with  different  birds,  according  to  age  and  sex.  In  an  emn 
five  weeks  old  I  failed  to  find  any  evidence  of  a  sac,  the  defect 
in  the  trachea  being  a  mere  slit ;  in  the  young  emu  the  sac  is  of 
insignificant  size,  but  exact  observations  are  yet  required  to 
decide  whether  it  differs  in  capacity  in  the  male  and  female ; 
but  there  is  some  probability  that  this  is  so.  In  adult  birds  of 
this  species  the  sac  attains  considerable  dimensions ;  in  one  case, 
according  to  Knox,  the  cyst  was  as  large  as  a  man's  head.  In 
Dr  Murie's  case  the  sac  measured  fourteen  inches  in  its  greatest 
length.  The  walls  of  the  sac  are  composed  of  white  fibrous 
tissue,  its  exterior  being  overlaid  in  parts  with  striped  muscle 
fibre  in  very  thin  layers ;  the  inner  layer  is  continuous  with  the 
mucous  membrane  of  the  trachea,  and  they  become  contiiiuous 
with  each  other  through  the  tracheal  opening,  indeed  the  sac 
could  well  be  described  as  a  ''hernia  of  the  tracheal  mucous 
membrane  through  a  deficiency  in  the  anterior  walls  of  the  wind- 
pipe," for  such  it  seems  to  be.  As  far  as  could  be  made  out  in 
my  specimen,  the  epithelium  was  flattened  on  the  surface^  but 
spheroidal  in  the  deeper  layers.  There  were  small  glands 
(mucous)  dotted  over  the  membrane.  During  the  pairing  season 
the  bird  distends  this  sac  with  air,  and  it  is  due  to  the  chamber  thus 
formed  that  these  birds  are  able  to  make  the  curious  drumming 
noise  so  characteristic  of  them.  For  all  that  concerns  the  normal 
anatomy  of  this  remarkable  structure  the  reader  must  refer  to 
Dr  Murie's  admirable  account  in  Proc,  ZooL  Soc.,  1867,  p;  405. 

Mr  Bartlett  invited  me  to  examine  an  emu  which  had  a  large 
swelling  in  the  neck,  and  as  the  bird  refused  food  and  seemed  to 
be  dying,  it  was  deemed  expedient  to  attempt  its  removal. 
After  a  severe  tussle  the  bird  was  thrown;  manipulation 
quickly  informed  one  that  it  was  a  cyst  with  fluid  contents,  and 
an  incision  was  promptly  made,  and  the  contents,  which  con- 
sisted entirely  of  mucus,  evacuated.  On  attempting  to  arouse  the 
bird,  to  our  astonishment  it  was  dead.  Dissection  made  clear 
the  cause  of  the  fatality.  The  tracheal  cyst,  which  has  been 
described  above,  had  inflamed  diid  led  to  such  an  abundant 
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secretion  of  mucus  that  the  sac  had  become  so  distended  as 
to  measure  in  length  18  inches  and  in  width  14  inches. 
When  the  bird  was  thrown  for  the  purpose  of  laying  open  the 
cavity  the  dependent  position  had  caused  the  mucus  to  flow  into 
the  trachea  and  obstruct  the  bird's  respiration ;  in  fact  it  was 
drowned  in  its  own  mucus. 

The  cyst  in  the  emu's  neck  is  to  be  regarded  as  a  hernia  of  the 
tracheal  mucous  membrane  through  a  deficiency  in  the  rings  of 
that  tube  on  its  anterior  aspect;  in  this  sense  it  is  very  remarkable. 
Tracheal  cysts  in  the  human  subject  occasionally  occur,  but  are 
usually  found  protruding  through  the  muscular  and  fibrous  tissue 
which  fill  up  the  defiqient  space  on  the  posterior  aspect  of  the 
trachea,  and  often  form  cavities  of  considerable  size;  in  rare 
instances  they  become  so  large  as  to  require  surgical  interfer- 
ence. Yirchow  quotes  Textor  as  having  operated  in  one  of 
these  cases  with  sucpess.^ 

That  the  mucous  membrane  of  tjhe  trachea  should  become 
herniated  in  this  way  is  not  at  all  remarkable;  every  other 
similarly  constructed  tube  is  liable  to  the  san^e  abnormality. 
In  the  intestines  false  diverticula  may  be  found.  As  many  as 
two  hundred  have  been  seen  ii\  the  same  subject. 

In  the  bladder  the  corresponding  condition  is  known  as 
sacculation.  The  oesophagus  is  the  seat  of  similar  lesions  often. 
In  this  Journal^  voL  ix,  p.  134,  Dr  Morrison  Watson  described  a 
large  diverticulum  which  was  connected  with  the  pharynx,  due 
in  all  probability  to  the  same  cause.  Indeed,  any  tubular 
structure  may  become  so  affected,  be  it  intestine,  artery,  vein, 
ventricle  of  the  brain^  or  §ven  the  spinal  cord. 

The  cyst  of  the  emu  has  other  points  of  interest,  for  it  is 
doubtless  an  example  qf  a  pathological  condition  which  has 
been  perpetuated,  so  as  at  length  tq  bepome  a  specific  character. 
That  this  cyst  is  the  direct  result  of  the  imperfection  of  some 
portion  of  the  tracheal  rings  cannot  be  doubted.  In  the  young 
bird  the  cyst  does  not  exist,  but  as  life  advances  the  hernial  pro- 
trusion occurs.  The  defect  in  the  trachea  is  inherited ;  the 
escape  of  the  mucous  membrane  through  the  opening  is  the 
necessary  result. 

Among  all  species  of  birds  no  example  is  known  of  a  similar 

^  Tunufura,  Frencli  edit,,  vol.  L  p.  268. 
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arrangement  of  the  trachea  such  as  pertains  in  the  Emu,  but  the 
Bustard  {Otis  tarda)  affords  valuable  testimony  in  support  of  the 
view  here  advocated  regarding  its  origin. 

At  certain  times  of  the  year  the  Australian  Bustard  (Eupo- 
dotis  avstralis),  and  the  Bustard  {Otis  tarda)  exhibit  the  peculiar 
phenomenon  termed  "  showing  off."  In  both  birds  during  the 
"  show  off"  there  is  a  distension  of  the  neck  with  air.  In  the 
case  of  the  Australian  Bustard  this  tube  is  simply  the  dilated 
oesophagus,  but  in  the  case  of  Otis  tarda,  according  to  some 
observers,  it  is  due  to  a  special  sac  opening  under  the  tongue. 

According  to  the  evidence  it  appears  that  this  gular  pouch  of 
the  bustard  is  present  in  the  adult  male  only,  but  is  not  a 
constant  character.  Garrod  points  out,  however,  that,  in  the 
young  bird  there  is  a  singular  arrangement  of  the  frsenum 
linguae.  In  the  young  bustard  this  structure,  instead  of  being 
median  and  single,  consists  of  two  slight  lateral  vertical  folds, 
with  a  median  interval  a  quarter  of  an  inch  across.  This 
arrangement  is  exceedingly  well  adapted  for  permitting  the 
development  of  a  pouch  during  the  sexual  season ;  when  the  air 
passages  are  inflated  during  the  showing-off,  the  fold  of  mucous 
membrane  is  very  weak,  and  the  continued  pressure  causes  it 
to  stretch.  The  statement  concerning  the  pressure  is  not  a 
gratuitous  assumption,  as  the  following  case  will  show.  When 
dissecting  a  young  specimen  of  Otis  tarda  Gkirrod  was  surprised 
to  find  what  appeared  to  him  to  be  a  crop  projecting  from 
the  posterior  aspect  of  the  cesophagus.  Further  investigation 
revealed  to  him  the  fact  that  this  was  really  an  abnormal 
diverticulum  of  the  oesophagus,  probably  produced  by  the  same 
mechanism  that  was  responsible  for  the  gular  pouch. 

In  1882  Mr  W.  A.  Forbes  rendered  Oarrod's '  opinion  more 
probable  by  finding  in  an  Australian  Duck  {Biaiwra  Idbata)  a 
similar  arrangement  of  the  fraenum  linguae  and  a  gular  pouch 
in  two  specimens  of  the  male,  such  as  is  found  in  the  adult  male 
of  Otis  tarda. 

Taking  into  consideration  the  anatomical  arrangement  of  the 
frsenum,  the  non-existence  of  the  gular  pouch  in  the  young  bird, 
its  absence  in  the  female,  and  its  inconstancy  in  the  male  bird, 
as  well  as  the  evidence  afforded  by  the  two  Australian  birds 
{Eupodotis  and  Bissiura),  it  will  not  be  inconsistent  to  regard  the 
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gular  pouch  as  a  pathological  phenomenon  brought  about  by  the 
habit  of  ''showing  off/'  the  tendency  to  cystic  dilatation,  or 
rather  hernia,  of  this  part  of  the  buccal  mucous  membrane 
being  inherited. 

Farther  details  concerning  the  gular  pouch  of  the  bustard  will  be 
fouud  on  reference  to  the  following  papers : —  * 

MuRDS,  Proceedings  of  the  ZoologtecU  Society^  1868. 
Qarrod,  Proc  Zool,  Soc,j  1874,  p.  471,  and  Collected  Papers,  p.  242. 
Forbes,  Proc  Zool.  Soc,  1882,  p.  455,  and  Collected  Papers^  p.  354. 
Dr  Murie's  paper  contains  several  other  references  of  valaa 


EXPLANATIOI!^  OF  PLATE  XIII. 

Fig  1.  Longitudinal  section  of  the  ovary  of  an  anencephalic  human 
foetus  at  the  eighth  month.  P.,  paroophoron;  O.,  oophoron.  The 
two  parte  wen  sefMuoated  by  a  distinct  furrow.     [  x  10.] 

Fig.  2.  Transverse  section  of  the  ovary  of  a  human  foetus  at  birth. 
P.J  paroophoron,  or  remains  of  the  mesonephros,  unusually  large; 
0.,  oophoron,  or  true  ovarian  parenchyma.     [  x  10.] 

Fig.  3.  Diagrammatic  section  of  an  ovary.  P.,  parovarian  tubules, 
the  seat  of  simple  (parovarian)  cysts ;  Pa.,  paroophoron,  the  seat  of 
papillary  cysts,  P.  (7. ;  0.,  oophoron,  the  seat  of  cysts  arising  in 
corpora  lutea,  O.L.     A  ripe  follicle  is  shown  at  E.F. 

Fig.  4.  Simple  cysts  of  the  broad  ligament  in  a  mare.  F,  a  dilated 
lymphatic 

Fig.  5.  Piliferous  cyst  from  the  back  of  a  cow. 

Fig.  6.  The  root  of  the  tongue  and  hyoid  bone,  to  show  the  lingual 
duct  G.J  genio-hyo-glossus ;  H.  G.M.j  hyo-glossus  muscle ;  H.j  hyoid 
bone;  T.H.M.j  the  thyro-hyoid  membrane;  T.C.j  the  thyroid  carti- 
lage.   Duct,  the  lingual  duct 

Fig.  7.  Tracheal  cyst  of  the  Emu.  The  figure  shows  the  tracheal 
window. 
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THE  BLOOD-FORMING  ORGANS  AND  BLOOD- 
FORMATION:  AN  EXPERIMENTAL  RESEARCH. 
By  JoHK  LocKHART  GiBSON,  M.D.,  Formerly  Senior 
Demonstrator  of  Physiology,  University  of  Edinburgh, 
(Plate  XIV.) 

(Continued  from.  p.  858,  vol.  zx.) 

FuTvction  of  Lymphatic  Olands. — The  function  of  the  lym- 
phatic glands  as  regards  the  Formation  of  red  blood-corpuscles 
has  in  this  paper  already  been  alluded  to ;  but  it  will  now  be 
necessary  to  consider  an  experiment  which  has  a  more  direct 
bearing  on  this  function. 

After  thinking  over  what  I  wished  to  do  on  the  blood  and 
drawing  up  a  plan  of  work,  I  consulted  Professor  Rutherford  as 
to  whether  this  plan  would  be  likely  to  yield  results.  He  was 
good  enough  to  draw  my  attention  more  particularly  to  the 
possible  action  the  lymphatic  glands  might  take  in  the  forma- 
tion of  red  blood-corpuscles,  an  action  I  hdA  been  inclined  to 
doubt.  He  suggested  that  in  this  relation  a  lymphatic  gland 
should  be  excised  from  one  animal  and  planted  under  the  skin 
of  another  animal,  so  that  it  might  be  noi^rished  by  the  lymph 
of  its  host,  while  its  own  lymph  would  probably  be  confined  in 
its  interior ;  and  that  by  this  means  one  might  be  able  to  dis- 
cover whether  the  lymph  corpuscles  when  confined  in  a  lymph 
gland  for  a  longer  time  than  usual  would  show  stages  of  transi- 
tion towards  red  corpuscles. 

On  considering  this  suggestion,  I  thought  its  advantages 
might  be  obtained  by  another  method  of  procedure,  which, 
although  much  more  difficult,  would  probably  be  more  certain, 
and  would  allow  of  other  observations  being  made  at  the  same 
time. 

This  other  method  was  to  tie  the  thoracic  duct  at  its  opening 
into  the  veins  at  the  root  of  the  neck,  and  first  watch  the  effect 
on  the  blood  before  the  death  of  the  animal,  and  then  observe 
the  condition  of  the  lymphatic  glands  after  the  death.  I  say, 
"  after  the  death,''  because  I  expected  the  animal  to  die  within 
a  short  time  of  the  operation,  from  interference  with  the 
absorption  of  fat. 
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Experiment  VIIL 

A  male  dog  of  the  English  terrier  type,  weighing  5  kilogrammes 
70  decagrammes.  Apart  from  heing  rather  thiii,  the  animal  was  per- 
fectly healthy.     Must  have  been  at  least  three  years  old. 

On  the  2nd  of  February  1886,  four  hours  before  the  time  proposed  for 
the  operation,  the  dog  was  given  as  much  milk  as  it  would  drink,  in  order 
that  the  thoracic  duct  might  be  full  of  chyle  at  the  time  of  operation, 
and  so,  by  its  white  colour,  help  one  to  find  it.  The  animal  having  been 
put  under  ether,  a  V-shaped  incision  was  made  at  the  lower  part  of  the 
neck,  one  of  the  limbs  of  the  incision  being  parallel  to  and  just  above 
the  clavicle,  and  the  other  parallel  to  the  posterior  border  of  the 
stemo-mastoid  muscle.  Then  I  reflected  back  the  triangular  flap  of 
skin  so  marked  out,  divided  the  platysma,  and  dissected  downwards 
with  the  finger,  following  the  course  of  the  external  jugular  vein,  aa 
far  as  its  junction  with*the  internal  jugular.  To  give  a  little  more 
room,  some  of  the  clavicular  fibres  of  the  sterno-mastoid  muscle  weie 
divided.  In  this  way  one  got  deep  down  behind  the  clavicle;  and 
after  separating  the  structures  as  gently  as  possible,  one  noticed  what 
appeared  to  be  a  white  vessel  passing  towards  the  angla  of  junction 
between  the  jugular  vein  and  the  subclavian  yein.  By  very  gentle 
tracing  this  vessel  was  found  to  join  the  jugular  at  the  angle  of  junc- 
tion with  the  subclavian  vein.  A  chromic  acid  catgut  ligature  was 
then  tied  round  it,  about  a  quarter  of  an  inch  from  the  vein ;  and  it 
at  once  seemed  to  become  somewhat  distended  behind  the  ligature. 
After  a  second  thread  of  catgut  had  been  laid  round  the  vessel  at  a 
greater  distance  from  the  vein,  in  order  that  the  vessel  might,  when 
necessary,  be  ligatured  again,  a  pretty  considerable  opening  was  made 
in  the  vessel,  and  immediately  a  white  fluid  poured  out  so  freely  as  to 
fill  the  wound.  Then  the  other  ligature  was  tied  to  stop  the  flow  of 
the  chyle ;  but  instead  of  being  tied  behind  the  wound  in  the  vessel, 
it  was  accidentally  tied  over  it,  so  that  there  was  still  an  escape  of  the 
white  fluid.  A  third  catgut  ligature  was  therefore  put  round  the 
vessel,  distinctly  behind  the  wound  in  its  walls,  and  about  three- 
quarters  of  an  inch  from  the  junction  with  the  vein ;  and  this  was 
firmly  tied.  That  the  vessel  tied  was  actually  the  thoracic  duct,  the 
chyle  which  flowed  out  of  it  proved. 

The  dog  did  not  seem  to  suffer  in  the  least  from  the  operation.  It 
was  ordered  lean  meat  that  it  might  not  be  troubled  with  unabsorbed 
fat.  It  ate  its  food  well,  and  had  regular  stools  which  did  not  show 
an  unusual  quantity  of  fat  Its  weight  varied  slightly,  but  at  no 
time  showed  any  decided  diminution.  On  the  4th  of  March,  i.e.^  a 
month  after  the  operation,  its  weight  was  6  kilogrammes  10  decar 
grcimmes,  or  40  decagrammes  more  than  on  the  day  of  opieration.  It 
was  killed  on  the  11th  of  March,  and  then  weighed  5  kilogrammes  75 
decagrammes. 

As  in  the  previous  tables,  the  corpuscles  of  the  blood  are  enumerated 
in  columns.  In  another  column  is  the  weight  of  the  animal  at  different 
dates  after  the  operation. 
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ReUtionof 

LeB^yt* 

Emocyta. 

Weight. 

8,720.000 

14,000 

1:622-8 

6ldlos.70decaa. 

Operation 

m  2  Fehruartj. 

3  Feb.,  iBt  day  after, 

8,         W) 

24,000 

I  :  316-2 

G  kilos.  SI  isoLs. 

4       „        2iid          ,. 

K      oo 

19,000 

1:452-1 

6kilc».4Sd«aa. 

6      „       Sri 

1;    oo 

17,000 

1:405-2 

5  kilos.  67  deeai. 

8      „       6tb 

7,         DO 

14,000 

!B23-5 

5  kUos.  60  d*o«8. 

10      „        8th 

7.         OO 

12,000 

:  822-6 

6  kiloa.  65  decaa. 

18      „       18th       „ 

7,         00 

10,000 

:789 

S  kiloa.  35  dec«. 

26      „       23rd       „ 

7,         OO 

10,000 

;762 

6  kiloa.  95  decM. 

4  March,  SOtb       „ 

7,         OO 

9,000 

:  841-1 

6  kiloa.  10  decaa. 

11      „       37th       „ 

8,         OO 

12,000 

1  :  718  1 

6  kiloa.  75  deoaa. 

The  examiaation  of  the  blood-fonning  organs  yielded  the 
following : — 

The  ^Uen  was  not  remarkable  either  for  size  or  for  softness. 
If  aoythlDg,  it  waa  rather  larger  and  softer  than  usoaL  A 
Bcraping,  treated  as  usual,  showed  very  lai^e  nnmbers  of 
"  blood-corpttscle-holding  cells."  These  cells,  which  are  pretty 
cODstantly  found  in  the  apteen  and  bone-marrow,  will  be  cod- 
sidered  later.  Only  a  few  nucleated  red  cells  were  found  in 
each  preparation.  Still  there  were  many  more  than  in  the  spleen 
of  a  normal  dog,  where  they  either  are  not  found  at  all  or  are 
found  only  after  very  diligent  search  (Bizzozero  and  others,  and 
confirmed  by  myseU). 

BoTie-marrow. — The  whole  length  of  the  ehattaof  the  humerus 
and  femur  contained  nearly  fully  reddened  marrow,  in  which  a 
few  nucleated  red  cells  were  found,  most  of  which  were  in  the 
earlier  stages,  some,  however,  being  in  the  more  typical  later 
stages.  Numbers  of  "  blood-corpuBcle-bolding  cells  "  were  found 
in  the  marrow  of  all  the  bones  examined.  I  found  more  of 
these  cells  in  the  spleen  and  bone-marrow  of  this  dog  than  in 
any  other  dc^.  The  marrow  of  the  heads  of  the  bones  contained 
less  fat  than  that  in  the  shafts  of  the  bones,  and  showed  numbers 
of  young  nucleated  red  cells  and  of  nucleated  red  cells  intermedi- 
ate between  the  very  young  ones  end  the  more  typical,  as  well  as 
a  fair  number  of  the  really  typical  The  marrow  of  the  ribs  con- 
tained a  fair  number  of  nucleated  red  cells.  There  was  quite  as 
much  fat  as  usual  in  the  red  marrow  of  all  the  bones,  and  the 
marrow  in  the  shaft;  of  the  long  bones  other  than  the  humerus 
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and  femur  had  its  usual  fatty  appearance.  To  eummariBe  the 
naked-eye  and  microBcopic  appearances  of  the  marrow :  those 
parts  of  the  bones  which  always  contain  red  marrow  contained 
marrow  richer  than  usual  in  nucleated  red  corpuscles,  while  in 
the  humerus  and  femur  the  usually  fatty  marrow  of  the  shafts 
had  been  replaced  by  red  marrow. 

Lymphatic  Glands. — In  the  left  axilla  there  was  an  unusually 
large  and  succulent  lymphatic  gland,  which  was  redder  than 
usual ;  and  in  the  right  axilla  a  gland  larger  than  usual,  though 
not  so  large  as  that  in  the  left  axilla.  A  scraping  from  the  cut 
surface  of  the  gland  in  the  left  axilla,  treated  in  the  usual  way 
with  artificial  serum  and  methyl-violet,  showed  some  distinctly 
nucleated  red  cells  of  the  later  and  more  typical  variety.  There 
were  also  an  unusual  number  of  non-nucleated  red  corpuscles. 
In  the  gland  of  the  right  axilla,  careful  searobing  gave  one  or 
two  nucleated  red  cells  in  ee^ch  preparation.  The  most  distinct 
appearances,  however,  were  found  in  the  glands  of  the  n^eaentery. 
These  glands  were  much  larger  than  usual,  very  soft  and  succu- 
lent, and  somewhat  red  on  section.  In  scrapings  from  them 
were  large  numbers  of  nucleated  red  cells,  of  whose  nature  thera 
could  not  be  the  slightest  doubt.  Most  of  these  were  of  the 
later  and  more  typical  variety,  and  there  were  comparatively 
few  belonging  to  the  earlier  stages.  There  were  also  large 
numbers  of  non-nucleated  red  corpuscles.  No  "  blood-corpuscle- 
holding  cells '''  were  found  in  auy  of  the  lymph  glands  examined. 
The  inguinal  glands  were  very  decidedly  enlarged. 

Thyroid  gland  of  usual  size.  No  evidence  of  bloodrfonociatioii 
could  be  found  in  it 

From  this  case,  then,  it  would  appear  that  the  lymph  gle^nda 
even  in  normal  conditions  change  a  certain  number  of  colourless 
into  coloured  corpuscles.  This  is  supported  not  only  by  the 
microscopic  appearances  in  the  glands,  where  the  nucleated  red 
cells  were  almost  as  numerous  as  the  coloiurless  cells,  and  were 
more  numerous  than  the  nucleated  red  cells  in  the  marrow  of 
the  ribs,  but  also  by  the  enumeration  of  the  blood-corpuscles 
during  the  life  of  the  animal.  For  the  table  given  shows  that  a 
very  few  days  after  the  operation  the  red  corpuscles  showed  a 
decided  decrease^  and  that  they  remained  very  distinctly  below 
their  original  number  for  fully  a  month  after  the  operation. 
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Soon  after  the  fall  in  the  number  of  red  corpuscles,  the  colour- 
less corpuscles  likewise  sufifered  a  diminution  in  their  number, 
the  diminution  being  both  absolute  and  relative,  and  remaining 
until  the  end  of  the  observations  on  the  animal.  Between  five 
and  six  weeks  after  the  operation,  the  red  corpuscles  had  prac- 
tically returned  to  their  formir  number,  the  red-corpuscle-form- 
ing function  of  the  lymphatic  glands  having  been  taken  up  by 
the  marrow  of  the  shafts  of  the  humerus  and  femur.  This,  at 
least,  is  the  only  explanation  I  can  find  for  the  transformation 
of  the  originally  fatty  marrow  of  the  shafts  of  these  bones  into 
red  marrow. 

Very  interesting  was  the  condition  of  the  thoracic  duct.  Its  dissec- 
tion was  very  easy,  as  it  was  rather  dilated.  The  contents,  however^ 
which  must  have  been  the  cause  of  the  dilatation,  had  disappeared, 
the  duct  being  empty.  The  duct  had  a  clear  semitranspaient  pink 
appearance,  which  seemed  to  be  due  to  the  colour  of  its  coats.  I 
followed  it  upwards  to  its  opening  into  the  vein,  dissecting  very  care- 
fully, to  avoid  destroying  any  branch.  At  three-quarters  of  an  inch 
from  the  opening  into  the  vein,  the  distinct  tube  became  suddenly 
replaced  by  a  white  opaque  cord.  The  junction  of  this  apparently 
obliterated  part  with  the  rest  of  the  duct  exactly  corresponded  with 
the  position  of  the  most  external  of  the  ligatures ;  and  in  this  part  of 
the  duct  one  could  with  perfect  distinctness  feel  three  hard  nodules, 
each  about  the  size  of  a  pin's  head,  in  the  positions  where  the  three 
ligatures  had  been  placed.  To  make  certain  as  to  the  condition  of  the 
duct,  I  opened  it  a  short  distance  before  the  apparent  obliteration ; 
and  easily  passed  a  fine  thread  of  catgut  along  it  as  far  as  the  begin- 
ning of  the  constriction,  where  it  was  stopped.  And  I  then  tried  a 
horse-hair,  but  it  also  failed  to  pass  into  the  obliterated  part  of  the 
duct.  There  can,  therefore,  be  no  doubt  that  the  thoracic  duct  had 
been  tied,  and  that  the  result  of  the  tying  had  been  complete  obliterar 
tion.  As  to  the  possible  existence  of  an  important  branch  of  the  duct, 
with  a  corresponding  persistence  of  the  circulation  of  the  chyle,  it  may 
be  stated  that  I  searched  very  carefully  along  the  whole  length  of  the 
duct,  but  could  find  no  branch  passing  off  from  it,  nor  any  second 
duct  passing  upwards  from  the  receptaculum  chyli.  I  have  been 
unable  to  find  a  good  description  of  the  lymphatic  system  in  dogs ; 
and  from  one  case,  and  without  careful  injection  of  the  thoracic  duct, 
it  would,  of  course,  be  absurd  positively  to  conclude  that  the  chyle 
had  been  altogether  prevented  from  reaching  the  blood  by  a  collateral 
channel :  still,  the  facts  are  in  favour  of  such  a  conclusion. 

Apart  from  what  was  found  in  the  lymph  glands,  the  case  is 
extremely  interesting  from  the  number  of  possibilities  it  suggests. 
If  the  passage  of  the  chyle  into  the  blood  by  the  thoracic  duct 
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be  prevented,  is  there  any  other  way  by  which  it  can  enter  the 
circulation  ?  And  if  there  is  no  other  way,  how  was  it  that  this 
dog  did  not  suffer  from  fat  starvation  ?  In  answer  to  this  last 
question,  it  may  be  said  that  dogs  can  obtain  fats  from  proteids 
more  easily  than  a  human  being  can,  and  that  in  them  the  con- 
version of  proteids  into  fats  can  take  place  to  such  an  extent  as 
to  render  the  absorption  of  fat  from  the  intestine  superfluous. 
Amyloids  cannot  iu  the  case  of  this  dog  be  supposed  to  have 
been  a  sufficient  source  of  fat,  as  the  animal  was  fed  almost  en- 
tirely on  lean  meat.  The  meat  was,  however,  of  course,  not 
carefully  deprived  of  its  fat 

In  this  connection,  it  is  important  to  mention  an  interesting 
paper  of  William  Turner's  ^  on  obstruction  of  the  thoracic  duct 
in  the  human  subject.  He  in  two  cases  found  the  thoracic  duct 
entirely  obliterated  by  a  thoracic  aneurism  without  emaciation 
having  resulted.  He  thinks  that  in  all  cases  where  obstruc- 
tion of  the  duct  comes  on  gradually  collateral  channels  are 
established,  and  that  there  is  no  sufficient  proof  of  the  state- 
ment that  obstruction  of  the  duct  by  an  intra-thoracic  growth 
leads  to  emaciation.  He  also  mentions  cases  where  collateral 
branches  have  been  found,  as  well  as  communications  between 
the  lymphatics  and  veins  elsewhere  than  at  the  root  of  the 
neck.  Turner's  idea  of  the  gradual  establishment  of  collateral 
circulation  will  not  apply  in  my  case,  because  there  the  oblitera- 
tion of  the  duct  was  sudden.  There  may,  however,  previous  to 
the  operation,  have  been  unusual  communications  between  the 
abdominal  lymphatics  and  the  venous  system.  Anyhow,  the 
obliteration  of  the  duct  must  have  caused  some  obstruction  to 
the  flow  of  lymph,  or  I  should  not  have  found  so  many  develop- 
ing red  cells  in  the  lymph  glands. 

To  return  to  the  light  thrown  by  this  case  on  the  function  of 
the  lymphatic  glands :  it  seems  to  me  that  there  is  no  link 
wanting  in  the  chain  of  evidence  in  favour  of  the  lymphatic 
glands  having  and  exerting  in  normal  conditions  the  power 
of  producing  red  blood-corpuscles.  (1)  The  enumeration  of  the 
blood-corpuscles  during  life  showed,  for  at  least  a  month  after 
the  operation,  a  distinct  diminution  in  the  number  of  red 
corpuscles,  while  a  diminution  in  the  number  of  white  cor< 

1  Turaer,  Ed.  Med.  Journal^  1859. 
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puscles  occurred  only  after  the  fall  in  the  number  of  red. 
(2)  Nucleated  red  corpuscles  were  found  in  great  numbers  in 
the  abdominal  Ijrmphatic  glands.  (3)  It  was  found  that  the 
red  blood-forming  marrow  had  extended  into  the  shafts  of  the 
humerus  and  femur. 

The  nucleated  red  cells  found  in  the  lymphatic  glands  of  the 
spleenless  animals  point  to  the  same  conclusion.  And  qome 
other  recorded  observations,  when  taken  together  with  this  case, 
put,  in  my  opinion,  this  function  of  the  lymphatic  glands  entirely 
beyond  the  region  of  doubt. 

The  first  of  these  observations  is  the  case  recorded  by  Neumann, 
already  alluded  to.  It  will  be  remembered  that  he  had  recourse  to 
the  hypothesis  that  owing  to  some  disease  of  the  vascular  walls  the 
red  corpuscles  had  found  their  way  into  the  terminal  lymphatics  and 
lymph  sinuses.  It  seems  to  me  much  more  likely  that  he  found 
nucleated  and  non-nucleated  red  cells  in  the  lymphatic  glands  because 
they  were  formed  there. 

Secondly,  Weigert  ^  found  at  the  post-mortem  of  a  case  of  pernicious 
ansdmia  that  the  lymph  glands  were  large,  soft,  and  red ;  that  their 
lymph  sinuses  were  filled  with  lymph  uncommonly  rich  in  red  blood- 
corpuscles;  and  that  the  large  lymph  vessels  had  similar  contents.  He 
gives  as  the  explanation  of  this  that  first  struck  him  the  possibility  of 
there  having  been  some  abnormal  condition  of  the  vascular  walls, 
which  had  allowed  the  red  corpuscles  to  pass  out  more  easily  than  in 
normal  conditions.  But  he  remarks  that,  on  reading  Rindfleisch's 
paper,^  he  began  to  think  that  it  might  have  been  a  case  of  blood-for- 
mation in  the  lymphatic  glands,  and  regrets  that  he  had  not  examined 
the  glands  in  the  fresh  condition  with  special  reference  to  the  presence 
of  nucleated  red  cells,  adding  that  on  hardened  preparations  he  had 
failed  to  satisfy  himself. 

The  paper  of  Eindfieisch  quoted  by  Weigert  contains  the  account 
of  a  case  where  there  was  general  sclerosis  of  the  bones,  as  the  result 
of  rachitis,  and  where  the  marrow  cavities  were  practically  obliterated. 
Rindfleisch  found  the  spleen  enlarged  and  soft,  and  the  lymph  glands 
enlarged  and  resembliug  the  spleen  in  consistence  and  appearance. 
In  the  lymph  glands  he  found  numerous  ordinary  red  cells  and 
numerous  nucleated  ones.  He  looked  on  this  as  a  case  of  vicarious 
function  of  the  lymphatic  glands.. 

Having  thus,  on  the  subject  of  blood-formation,  given  all  my 
own  experiments  except  those  performed  in  connection  with  the 

^  Weigert,  "  Pemiciobe  Aniimie  mit  ausgedehnter  Lymphangiectasie.  Erflil- 
long  der  Lymphbahnen  mit  blutahnlicher  Lymphe,"  Virchow's  Archiv,  Bd.  Ixziz. 
p.  S90. 

'  Rindfleisch,  Arehivf,  mihrosk,  AnaL,  Bd.  zvii.  (1879). 
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thyroid  gland,  and  also  given  what  seem  to  me  the  more  im- 
portant experiments  and  opinions  of  other  writers,  I  shall  now 
proceed  to  review  the  facts  on  which  my  own  conclusions  are 
based.  The  conclusions  themselves  are  more  or  less  embodied 
in  what  has  already  been  said,  but  a  more  categorical  statement 
will  not  be  amiss. 

In  this  paper  it  has  already  been  assumed  that  the  nucleated  red 
cells  found  in  the  hone-marrow  and  elsewhere  are  the  forerunners  of 
the  non-nucleated  red  blood-corpuscles,  and  it  wiU  perhaps  seem 
curious  I  should  only  now  begin  to  give  my  reasons  for  holding  them 
to  be  so.  In  explanation,  I  would  point  out,  on  the  one  hand,  that 
the  function  of  the  blood-forming  organs  could  not  have  been  treated 
without  the  assumption,  and,  on  the  other  band,  that  the  life-history 
of  the  red  cells  could  not  have  been  thoroughly  treated  without  a  pre- 
vious consideration  of  the  blood-forming  organs.  Under  these  circum- 
stances, I  have  chosen  simply  to  indicate  at  the  beginning  of  the 
paper  what  the  nucleated  red  cells  are,  and  then,  for  the  time  beiiig, 
assume  that  they  develop  into  non-nucleated  red  cells. 

It  will  here  be  convenient  first  to  dismiss  the  hsematoblasts  of  Hayem. 
In  the  first  part  of  this  paper  I  have  pretty  clearly  indicated  my 
own  opinions  as  to  these  elements  ;  as  also  the  opinions  of  Neumann 
and  Bizzozero.  It  seems  to  me  that  Bizzozero  finishes  the  discussion 
very  well,  when  he  expresses  the  hope  that  Hayem  may  "  one  day 
see  the  nucleated  red  cells  in  the  bone-marrow  ; "  for  he  thinks  that 
if  he  does  so,  and  compares  them  with  the  nucleated  red  cells  of  the 
embryo,  his  allegiance  to  his  hsematoblasts  will  vanish.  And 
Neumann  remarks  on  Pouchet's  explanation  of  the  nucleated  red 
cells  found  in  the  bone-marrow  (for  Pouchet  does  not  deny  that  they 
exist),  that  if  Pouchet  had  compared  them  with  the  nucleated  red 
cells  of  the  blood  of  the  embryo  "  he  would  not  have  fallen  into  the 
unfortunate  fabrication,  *  degerdrescence  hemoglobiniqzie,*  which  leads  to 
the  absurd  conclusion  that  the  nucleated  red  cells  in  the  blood  of  the 
embryo  are  nothing  else  than  haemoglobin-degenerated  cells.'' 

Neumann,  in  his  paper  in  the  Zeitschrift  fiir  klin,  MediciUy  already 
mentioned,  gives  a  very  good  criticism  of  all  the  views  as  to  the 
origin  of  the  non-nucleated  red  blood -corpuscles,  and  refuses  to  accept 
Schafer's  and  Ranvier's  view  that  they  may  arise  endogenously  as 
non-nucleated  bodies  in  the  protoplasm  of  cells,  for  instance  in  the 
subcutaneous  tissue  of  the  embryo.  And  he  also  refuses  to  accept 
the  intermediate  position  taken  up  by  RoUet,  viz.,  that  they  arise  in 
two  ways,  either  as  nucleated  daughter-cells  or  as  non-nucleated 
offspring  of  pre-existing  cells.  Eollet  thinks  with  Ranvier  that  the 
former  mode  of  development  occurs  only  in  the  embryo. 

Merkel,  in  Virchow's  Jakresbericht,  says  of  this  paper  of  Neumann's 
that  its  "  very  well  deserved  destructive  criticism  of  the  views  of 
Hayem,  Pouchet,  Schafer,  and  Ranvier,"  is  worthy  of  very  special 
attention. 
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Neumann  considers  that  there  is  at  all  periods  of  life  only  one  way 
in  which  non-nucleated  red  corpuscles  originate,  viz.,  as  nucleated  red 
cells,  like  those  of  the  emhryo.  Rindfleisch,  too,  in  his  paper  already 
quoted,  says  that  "  we  must  entirely  hanish  the  idea  of  their  arising 
in  any  other  way  than  as  nucleated  red  cells,  throughout  life  as  well 
as  in  the  embryo."  And  Bizzozero  is  equally  certain  on  the  point 
In  fact,  in  opposition  to  Hayem  and  Pouchet,  the  opinion  that  the 
nucleated  red  cells  in  the  bone-marrow  and  other  blood-forming  organs 
are  the  only  forerunners  of  the  non-nucleated  red  corpuscles  is  almost 
universal  And  it  will  be  evident  that  my  own  observations,  so  far 
as  they  go,  support  it  very  strongly. 

While  agreeing  that  the  nucleated  red  cells  are  the  forerunners  of 
the  non-nucleated  ones,  the  different  observers  on  the  blood  disagree 
both  as  to  the  details  of  the  transition  and  as  to  the  origin  of  the 
nucleated  red  cells  themselves. 

To  consider  first  what  becomes  of  the  nucleus  : — 

Kolliker  and  Neumann  say  that  it  disappears  from  the  cell  by 
breaking  down,  Neumann  evidently  thinking  that  in  breaking  down 
it  becomes  absorbed  in  the  general  cell  substance.  Kolliker's  observa- 
tions were  made  on  the  nucleated  red  cells  of  the  embryo,  and 
Neumann's  on  the  nucleated  red  cells  found  in  the  embryonal  liver, 
and  in  the  marrow  throughout  the  whole  of  life.  Neumann  gives 
drawings  showing  the  last  remains  of  the  nucleus  as  a  small  body  of 
the  size  of  a  colourless  microcyte,  and  Kolliker  says  that  it  breaks  up 
into  two,  three,  or  four  fragments. 

Rindfleisch,  in  opposition  to  Neumann  and  Kolliker,  says  that  the 
nucleus,  surrounded  by  a  small  amount  of  undifferentiated  protoplasm, 
passes  bodily  out  of  the  celL  The  further  history  of  the  nucleus 
"  may,"  says  Rindfleisch,  "be  a  matter  for  discussion." 

Bizzozero,  without  giving  any  distinct  opinion,  is  rather  in  favour  of 
RindfleiBch's  view. 

From  what  I  have  myself  seen,  I  should  prefer  to  support  Neumann's 
view.  For  I  have  seen  in  the  bone-marrow  nucleated  red  cells  in  which 
there  was  apparently  only  a  small  remnant  of  the  nucleus,  and  have, 
like  Neumann,  entirely  failed  to  find  a  ring  of  undifferentiated  proto- 
plasm surrounding  the  nucleus  of  a  typical  nucleated  red  cell. 

To  the  view  of  Obrastzow  ^  and  Arndt,^  viz.,  that  the  nucleus  in 
the  nucleated  red  cells  has  not  the  character  of  a  real  cell  nucleus, 
but  is  a  post-mortem  appetirance,  analogous  to  the  precipitation  of 
fibrin,  Neumann  returns  the  best  answer,  when  he  calls  attention  to 
the  researches  of  Fleming  on  the  indirect  division  of  cells.  Of  the 
different  stages  of  such  indirect  division  ("Kariokinesis")  in  the 
nucleus  of  a  nucleated  red  cell,  elaborate  drawings  are  given  by 
Lavdowsky  *  and  Bizzozero.* 

The  question  of  the  origin  of  the  nucleated  red  cells  is  still  more 

^  Obrastzow,  CefntrMl  f.d.  Med.  Wiss.,  1880,  No.  24. 
«  Amdt,  Virchow's  Archiv,  Bd.  Ixxxiii.  p.  18. 
»  Lavdowsky,  Virchoto*s  Arekiv,  Bd.  xcvi.  (1884). 
*  Bizzozero,  VircTiow's  Archiv,  Bd.  xcv.  (1884). 
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undecided.  Neumann,  from  observations  on  tlie  bone-marrow,  thought 
that  they  arose  from  the  leucocytes ;  but  his  faith  in  that  idea  has 
evidently  been  shaken  by  his  observationfl  on  the  embryonal  liver,^ 
where  he  finds  that  the  red  cells  arise  from  nuclei  which  appear  in 
the  protoplasm  of  large  cells  like  the  proper  cells  of  the  liver ;  that 
these  nuclei  first  come  to  possess  a  very  thin  ring  of  h»moglobin- 
coloured  perinuclear  substance ;  that  this  thin  ring  gradually  increases 
in  breadth  until  typical  nucleated  red  cells  are  produced;  and  that 
these  nucleated  red  cells  then  pass  out  of  the  mother-cell,  to  multiply 
by  division  in  the  liver  and  in  the  circulating  blood.  The  ''  mother- 
cells"  were  first  discovered  by  Gerlach,^  and  were  called  by  him 
^*  blood-corpuBcle-holding  cells,"  because  he  thought  they  contained 
young  red  blood-corpuscles.  Gerlach,^  however,  changed  his  opinion  of 
them  when  KoUiker^  and  Ecker^  pointed  out  that  they  did  not  con- 
tain young  red  blood-corpuscles,  but  were  probably  cells  which  had 
taken  up  extravasated  blood-corpuscles. 

In  spite  of  the  very  strong  testimony  of  such  an  authority  on  the 
blood  as  Neumann,  I  think  that  the  view  taken  by  Kolliker  and  Ecker, 
or  a  modification  of  it,  will  turn  out  to  be  the  right  one ;  and  that  even 
the  nucleated  red  cells  found  by  Neumann  in  the  "  blood-corpuscle- 
holding  cells  "  had  been  taken  up  from  the  tissues.  I  shall  return  to 
these  ''blood-corpuscle-holding  cells"  when  I  consider  similar  cells 
found  in  the  spleen  and  bone-marrow.  In  his  last  work  on  the  blood, 
Neumann  says  :  '^  As  to  the  origin  of  the  early  stages  of  the  nucleated 
red  blood-corpuscles,  which,  as  is  known,  is  still  very  little  under- 
stood, I  need  here  say  no  more."  Not  only  Neumann,  but  also 
Eindfieisch,  Bizzozero,  and  many  others,  affirm  that  the  nucleated  red 
cells  increase  in  number  by  indirect  division;  and  Bizzozero,  in  his 
last  paper,*  states  that  they  increase  only  by  indirect  division,  and 
that  all  the  other  views  which  have  been  advanced  as  to  their  origin 
(for  example  from  the  leucocytes)  are  mere  hypotheses.  In  making 
this  statement,  however,  which  he  applies  to  all  classes  of  vertebrates, 
Bizzozero  seems  to  forget  that  he  very  strongly  incriminates  himself. 
For  in  his  paper  on  the  development  of  blood-corpuscles  in  birds,^  he 
not  only  speaks  of  the  nucleated  red  cells  as  arising  from  the  colour- 
less cells  of  the  marrow,  but  gives  diagrams  of  the  different  steps  of 
development,  and  says  that  the  colourless  cells  pass  out  of  the  marrow 
pulp  into  the  veins  of  the  marrow  before  assuming  haemoglobin.  In 
his  last  paper,  he  urges  that  the  nucleated  red  cells  cannot  arise  from 
the  white  cells,  because  they  are  never  found  in  the  lymph  glands  or 
lymph  follicles,  where  white  corpuscles  are  most  numerous.  This  objec- 
tion, however,  as  my  experiments  have  already  shown,  may  be  got  over. 

*  Nenmann,  Archiv  der  HeUkunde,  Bd.  xv. 

»  Gerlach,  ZeUschr.  fUr  rai,  Med.,  vii.  (1849),  p.  79. 

*  Gerlach,  ffandbueh  der  Oewehelehre,  2.  Anil.  (1860),  p.  56,  58. 
<  Kolliker,  Zeitach/r.  far  vjiaa,  Zool.,  ii.  (1850),  p.  117. 

B  Ecker,  Zeiiachr,  fik- wiss.  Zool,  ii.  (1850),  p.  276. 

*  Bizzozero,  Virckow'8  Archiv^  Bd.  zcv.  (1884). 

'  Bizzozero,  MolekhotCB  UfUersuehungeti,  Bd.  xiL 
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As  will  have  been  seen  from  my  descriptions  of  the  appearances  in 
the  bone-marrow  and  other  blood-forming  organs  of  the  animals  on 
which  I  experimented,  I  have  come  to  definite  views  as  to  the  origin 
and  development  of  the  nucleated  red  cells.  And  it  will  also  have 
been  noticed  that  mj  conclusions  agree  with  those  of  Kolliker  and 
Fahmer  ^  and  others,  who  hold  that  the  nucleated  red  cells  are  derived 
from  the  colourless  corpuscles. 

My  description  of  the  origin  of  the  nucleated  coloured  colls  in  the 
marrow  corresponds  almost  exactly  with  that  given  by  Malassez ;  ^  but 
as  to  their  further  history  differs  very  much  from  that  of  Malassez,  and 
agrees  with  that  given  by  Neumann  and  Bizzozera 

Malassez  says : — ''  They  arise  in  the  bone-marrow  from  cells  which 
have  a  large  nucleus  which  nearly  fills  the  whole  cell.  The  next 
stage  is  shown  by  the  presence  of  a  trace  of  haemoglobin  in  the  cell, 
the  cell  still  having  a  large  nucleus,  which  is  granular,  and  is  not  so 
strongly  coloured  by  staining  agents  as  the  nucleus  of  the  earlier  stages 
of  the  cells.  The  protoplasm  becomes  more  and  more  hyaline,  the 
heemoglobin-stained  contents  at  the  same  time  increasing  in  quantity, 
and  the  nucleus  becoming  still  less  easily  affected  by  staining  agents." 
The  last  stage  in  this  process  be  calls  that  of  '*  cellules  h^moglo- 
biques." 

Up  to  this  point,  t.e.,  to  the  production  of  the  "  cellules  h^mo- 
globiques,"  I  can  quite  agree  with  Malassez's  description ;  but  here 
my  description  diverges  very  much  from  it,  and  agrees  with  those  of 
Neumann,  Bizzozero,  and  others. 

According  to  Malassez,  buds  appear  on  the  side  of  his  hiemoglobin- 
coloured  cell,  in  some  animals  (young  goat)  many  buds  appearing,  in 
other 'animals  (rabbit,  calf,  cat,  and  ox)  only  one  bud  being  evident ; 
and  these  buds,  according  to  him,  enlarge  and  become  non-nucleated 
red  blood-corpuscles,  the  cell  remaining  and  enlarging  to  produce  more 
buds. 

Bizzozero's  explanation  of  the  presence  of  these  buds  is,  that  as  he 
could  never  see  them  in  preparations  treated  with  neutral  fluids,  there- 
fore they  must  have  been  produced  by  the  action  of  the  osmic  acid 
with  which  Malassez  prepcured  his  specimens.  And  this  explanation 
receives  great  support  when  we  remember  that  by  means  of  reagents, 
such  as  tannic  acid,  buds  can  be  produced  on  the  ordinary  red  blood- 
corpuscles. 

I  do  not  at  all  deny  that  one  of  the' methods  by  which  the  nucleated 
red  cells  increase  in  number  is  indirect  division.  That  they  can  and 
do  increase  in  that  manner,  has  been  put  beyond  all  doubt  by  the 
researches  of  Bizzozero,  Neumann,  and  others.  I  do,  however,  say 
that  there  is  also  a  fresh  production  of  the  nucleated  red  cells 
throughout  the  whole  of  life ;  and  that  in  the  blood-forming  organs  of 
the  animals  observed  by  me  there  were  not  a  sufficient  number  of 
dividing  nucleated  red  cells  present  to  account  for  the  numerous 
nucleated  red  cells  found,  while  there  were  always  numerous  examples 

1  Kolliker,  Zeitschr.  fUr  rat.  Med,,  Bd.  iv.  (1846),  p.  112. 
'  Malassez,  Oaz,  inJtd,  de  Parit,  1881,  No.  49. 
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of  the  intennediate  stages  between  the  colourless  marrow  cells  and 
nucleated  red  cells. 


To  describe  the  transition  stages  more  particularly : — 
The  condition  of  one  of  the  colourless  marrow  cells  before 
beginning  to  assume  haemoglobin  is  that  of  a  cell  of  from  10  to 
12,  or  sometimes  even  14,  micros,  in  diameter,  with  a  relatively 
very  large  nucleus,  almost  filling  the  cell,  and  finely-granular 
perinuclear  protoplasm  (fig.  1,  a).  The  first  appearance  of 
haemoglobin  in  this  cell  is  in  the  form  of  a  thin  ring  at  the 
periphery  of  the  cell ;  and  between  this  ring  and  the  nucleus 
a  small  amount  of  the  finely-granular  perinuclear  protoplasm 
can  often  still  be  observed.  More  frequently,  however,  the 
band  of  haemoglobin-tinted  substance  seems  to  fill  the  whole 
space  between  the  cell-envelope  and  the  nucleus,  and  the 
perinuclear  substance  has  the  same  clear  appearance  as  the 
substance  of  the  non-nucleated  red  corpuscles  (fig.  1,  b).  As 
this  haemoglobin- tin  ted  perinuclear  substance  increases  in 
amount,  the  nucleus  appears  to  become  smaller  and  to  retreat 
towards  the  centre  of  the  cell,  the  cell  as  a  whole  at  the  same 
time  becoming  smaller  (fig.  1,  c). 

I  have,  in  my,  preparations,  been  able  to  see  all  stages  of 
transition,  between  the  comparatively  large  young  nucleated  red 
cells  and  the  much  smaller  typical  nucleated  red  cell,  measuring 
about  9  micros,  in  diameter,  where  the  nucleus,  too,  is  much 
smaller,  and  the  perinuclear  coloured  substance  is  much  broader 
(fig.  1,  d).  My  conception  has  been,  that  previous  to  the  assump- 
tion of  haemoglobin  the  nucleus  of  the  colourless  marrow  cells  en- 
larges and  comes  to  occupy  almost  the  entire  cell,  and  that  under 
the  influence  of  the  nucleus  the  peripheral  part  of  the  cell 
assumes  haemoglobin,  the  nucleus  at  the  same  time  becoming 
smaller.  That  the  nucleus  enlarges  previous  to  the  assumption 
of  haemoglobin,  I  infer  from  the  fact  that  there  are  in  the  bone- 
marrow  and  other  blood-forming  organs  many  large  colourless 
cells  which  contain  nuclei  not  so  very  large  as  compared  with 
the  cells  and  yet  in  other  respects  resemble  the  cells  of  fig.  1,  a, 
supposed  by  me  to  be  marrow  cells  in  the  condition  immediately 
preceding  the  assumption  of  haemoglobin.  These  large  colour- 
less cells,  with  nuclei  not  so  disproportionately  large,  are  the 
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cells  in  the  blooJ-formiDg  organs  that  seem  to  me  to  divide  most 
actively.  In  particular,  they  seem  to  divide  much  more  actively 
than  the  nucleated  red  cells,  of  whose  division,  however,  I  have 
seen  indubitable  examples. 

It  would  accordingly  appear  that  the  nucleus  takes  an  active 
part  in  enabling  the  cell  to  assume  haemoglobin,  and  then,  as 
being  of  no  further  use,  disappears  from  the  cell ;  and  my  belief 
in  this  function  of  the  nucleus  is  one  of  my  reasons  for  thinking 
it  unlikely  that  the  non-nucleated  red  corpuscles,  while  circulat- 
ing in  the  blood,  possess  dififerent  amounts  of  haemoglobin.  For 
I  cannot  think  that  without  the  presence  of  a  nucleus  the  red 
corpuscles  have  it  in  their  power  to  add  to  the  haemoglobin  they 
contain.  Perhaps,  however,  it  would  be  premature  to  deny  that 
the  amount  of  haemoglobin  assumed  under  the  influence  of  the 
nuclei  may  in  some  diseases  be  abnormally  small. 

I  could  not  obtain  evidence  of  small  nucleated  red  cells 
increasing  in  size :  the  small  nucleated  red  cells  which  were  seen 
in  my  preparations  could,  I  thought,  always  be  accounted  for  by 
the  effect  of  the  diluting  fluid.  The  young  nucleated  red  cells 
show  a  still  greater  tendency  to  crenate  and  contract  into 
small  globular  bodies  than  the  non-nucleated  red  cells  do.  Those 
nucleated  red  cells  which  were  dividing  were  always  large 
enough  to  produce  two  daughter-cells  of  nearly  the  same  size 
as  the  ordinary  red  cells.  The  developing  red  cells  in  the 
lymph  glands  were  in  the  younger  stages  not  so  large  as  those 
foand  in  the  marrow,  but  in  other  respects  the  development 
seemed  to  be  the  same.  In  the  spleen,  the  development  of  red 
cells  is  the  same  as  it  is  in  the  bone-marrow. 

Those  white  cells  which  are  transformed  into  nucleated  red 
cells  in  the  bone-marrow  are  not  necessarily  all  produced  there : 
it  may  be  that  many  of  them  are  produced  in  the  lymphatic 
glands,  and  carried  to  the  bone-marrbw,  there  to  enlarge  and 
pass  through  the  various  stages  of  the  transformation. 

The  white  blood-corpuscles,  whether  produced  in  the  lymph- 
glands,  spleen,  or  bone-marrow,  seem  to  me  to  be  the  fore- 
runners of  the  nucleated  red  blood-corpuscles : — 

(1)  Because  those  cells  in  the  bone-marrow  which  belong  to 
the  stage  in  the  development  of  the  nucleated  red  cells  previous 
to  the  appearance  of  haemoglobin  at'e  exactly  similar  to  enlarged 
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white  corpuscles,  while  the  bone-marrow  contains  besides  such 
cells  also  many  white  corpuscles  of  ordinary  size.  (2)  Because  in 
the  lymphatic  glands  nucleated  red  cells  were  found  which  had 
evidently  been  developed  there,  and  also  white  cells  with  pecu- 
liarly clear  perinuclear  substance,  which  looked  as  if  they  needed 
nothing  but  haemoglobin  to  convert  them  into  nucleated  red 
cells.  (3)  Because  when  the  lymph  is  prevented  from  entering 
the  blood  the  number  of  red  corpuscles  in  the  blood  falls.  (4) 
Because  after  excision  of  the  spleen,  which  is  an  organ  for 
forming  white  blood  corpuscles^  the  white  corpuscles  in  the 
blood  on  the  one  hand  increase  in  number  while  the  red  cor- 
puscles decrease,  and  on  the  other  hand  may  sink  even  below 
their  original  number  as  the  red  corpuscles  rise  again  to  theirs. 
(5)  Because  a  leucocyte  is  typically  an  embryonic  cell  capable  of 
further  differentiation. 

I  entirely  agree  with  Neumann,  Rindfleisch,  and  Bizzozero,  in 
thinking  that  the  only  forerunners  of  the  non-nucleated  red 
corpuscles,  during  the  whole  of  extra-uterine  life  as  well  as 
during  intra-uterine  life,  are  the  nucleated  red  cells  found  in 
the  blood-forming  organs.  Now  that  it  can  be  shown  that  these 
cells  exist  in  the  blood-forming  organs  throughout  the  whole  of 
life,  there  is  really  no  necessity  for  having  recourse  to  micro- 
cytes,  and  endogenous  cell-formation,  in  order  to  explain  the 
blood-forming  process.  For  why  should  the  origin  of  the  blood- 
corpuscles  in  extra-uterine  life  be  different  from  their  origin  in 
intra-uterine  life  ?  And,  on  the  other  hand,  it  has  been  abund- 
antly shown  that  the  nucleated  red  cells  increase  in  number 
in  the  blood-forming  organs  in  direct  proportion  to  the  neces- 
sity for  the  formation  of  blood,  and  accordingly  increase  most 
when  the  blood  is  being  most  actively  regenerated.  So  that  we 
cannot  have  any  stronger  proof  that  they  are  young  red  blood- 
corpuscles. 

These  cells,  then,  being  accepted  as  young  red  blood-corpuscles,  ' 
the  question  arises,  *'  Which  is  the  organ  most  active  in  their 
formation  in  extra-uterine  life  ? "  In  answering  it,  I  must,  as 
the  result  of  my  own  experiments,  agree  with  Neumann  and 
Bizzozero  that  the  hone-^marrcw  is  the  most  active  producer  of 
red  blood-corpuscles  during  extra-uterine  life :  that  is,  in  the 
generality  of  animals;  Bizzozero  having  found  that  in  tailed 
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amphibians  and  in  fishes  the  chief  blood-forming  organ  is  the 
spleen. 

From  personal  experience,  I  can,  of  course,  speak  only  of  the 
blood-forming  organs  of  dogs.  In  these  animals,  the  red 
marrow  appeared  to  be  the  chief  organ;  though  the  spleen,  too, 
at  any  rate  within  the  first  year  of  extra-uterine  life,  produces 
red  blood-corpuscles,  and  does  so  even  under  normal  conditions. 
I  should  say  that  the  spleen  probably  throughout  life  forms  a 
certain  number  of  red  blood-corpuscles. 

Experiment  Y.,  where  the  dog  was  at  least  two  years  old, 
gave  the  strongest  possible  evidence  in  favour  of  Bizzozero's 
view  that  the  spleen  actively  produces  red  corpuscles  when  the 
blood-forming  capabilities  of  an  animal  are  called  into  play  by 
loss  of  blood. 

As  to  the  function  of  the  lymphatic  glands  in  the  formation 
of  red  blood-corpuscles.  Experiment  VIII.  proved — as  it  seems 
to  me,  conclusively — that  the  lymphatic  glands  do,  during  the 
whole  of  extra-uterine  life,  take  part  in  the  formation  of  the  red 
blood-corpuscles.  But,  from  the  cases  of  excision  of  the  spleen, 
it  appears  that  their  activity  in  this  respect  is  at  any  rate  less 
than  that  of  the  bone-marrow;  and  I  think  it  veiy  probable 
that  it  is  also  less  than  that  of  the  spleen. 

As  to  how  the  young  red  blood-corpuscles  formed  in  the  bone-marrow 
pass  into  the  circulation,  there  are  two  opinions — that  of  Bindfleisch, 
which  is  adopted  by  Neumann,  and  that  of  Bizzozero.  Bindfleisch 
supports  the  view  which  Hoyer^  and  Biidinger^  took  in  1869,  viz., 
that  the  greater  part  of  the  capillary  system  in  the  bone-marrow  pos- 
sesses no  special  wall,  but  that  the  thin-walled  arteries  open  into 
tunnels  in  the  marrow-substance  (i.e.,  into  the  interstices  of  the 
marrow-pulp),  and  that  the  veins  take  origin  from  these  tunnels. 
He  argues  that  it  would  be  quite  superfluous  for  the  capillaries  of 
the  marrow  to  possess  walls,  because  the  circulation  in  the  marrow 
must  be  a  restricted  one,  from  the  hard  bony  surroimdings  making 
the  inflow  and  outflow  of  blood  always  correspond.  Bizzozero,^ 
on  the  other  hand,  considers  that  the  capillaries  of  the  marrow 
are  real  capillaries,  and  have  distinct  thin  walls,  and  that  the 
veins  arise  as  very  wide  channels,  also  with  very  thin  walls.  He 
further  considers,  or  rather  considered,^  that  the  colourless  marrow- 

1  HojOT,  CmUfraXtH,  f,  cL  Tfud.  fFisa,^  1869. 
3  Riidinger,  CeniralbL  /.  d.  med,  JFiaa,,  1869. 
'  Bizzozero,  Margagni,  1869. 
*  Bizzozero,  MoleachoU's  Vnterauchy^it^ienf  Bd.  zii 
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cells,  before  assuming  haBmoglobin,  pass  through  the  thin  walls  of  the 
veins  into  their  lumen,  there  to  assume  haemoglobin ;  and  that  they 
never  contain  hemoglobin  until  they  enter  the  veins,  no  heemoglobin- 
containing  cells  being  visible  outside  the  vessels.  As,  however,  in 
the  same  paper,  he  talks  of  its  being  a  doubtful  question  whether 
the  blood-channels  in  the  spleen  have  or  have  not  distinct  walls,  we 
may  take  his  view  of  the  condition  of  the  circulation  in  the  bone- 
marrow  with  some  reserve.  The  question  is,  of  course,  a  very  difl&cult 
one  to  settle  ;  for  it  is  difficult  to  get  the  marrow  so  hardened  as  to 
allow  of  satisfactory  sections  being  made.  I  think  it,  however,  more 
likely  that  RiudfleiBch's  opinion  will  turn  out  the  correct  ona 

A  word  must  be  said  about  the  so-called  ''  blood-corpuscle- 
holding  cells  " : — 

As  has  already  been  mentioned,  these  cells  were  discovered,  in  the 
liver  of  the  embryo,  by  Gerlach,  and  were  at  first  thought  by  him  to 
contain  developing  red  blood-corpuscles.  Glerlach,  however,  afterwards 
gave  up  this  view,  and  accepted  that  of  Kolliker  and  Ecker,  who  con- 
sidered them  to  be  cells  which  had  taken  up  extravasated  blood-cor- 
puscles. Neumann  rediscovered  these  ceUs,  and  recognised  them  to 
be  the  same  as  those  described  by  Gerlach,  but  considered  G^rlach's 
original  opinion  about  them  to  be  correct.  Gerlach's  original  opinion 
and  description  were  as  follows :  ^  —  He  said  he  found  '*  coloured 
blood-corpuscles  in  large  numbers  lying  as  cell-contents  inside  large 
colourless  cells  j "  and  said,  further,  that  "  these  enclosed  bubble-like, 
reddish-yellow  nuclei  (viz.,  the  'coloured  blood-corpuscles'),  become 
free,  anc^  perhaps  by  the  formation  of  an  envelope  (Hillle)  and  the  shar- 
ing of  the  colouring  matter  with  this  envelope,  become  transformed  into 
coloured  blood-corpuscle&"  This  description  of  Gerlach's  exactly 
applies  to  "blood-corpuscle-holding  cells  "  which  I  have  found  in  the 
spleen  and  bone-marrow,  and  supports  the  view  taken  by  Kolliker  and 
Ecker.  Neumann  objects  to  this  view  chiefly  because  he  found 
nucleated  red  corpuscles  in  these  large  mother-cells  and  found,  as  he 
thought,  stages  of  transition  between  '*  free  nuclei "  contained  in  the 
cells  (but  differing  from  the  proper  nucleus  of  the  cell)  and  the  typical 
nucleated  red  corpuscles.  To  turn  Neumann's  explanation  of  Hayem's 
hssmatoblasts  against  himself,  one  may  ask.  Is  it  not  possible  that  in 
embryonal  life  some  of  the  nude<xted  red  corpuscles  are,  as  easily  as  the 
n<m-nucleated  ones,  extravasated  and  taken  up  by  the  large  cells,  and 
that  the  transition-stages  in  the  '*  development "  of  the  nucleated  red 
corpuscles  observed  by  Neumann  in  "  Tuother-cells  "  are  simply  stages 
of  breaking-down  of  such  corpuscles  in  cells  which  had  taken  them  upf 

I  have  no  personal  knowledge  of  the  "  blood-corpuscle-holding 
cells  "  in  the  embryonal  liver,  bat  can  speak  of  similar  cells  in  the 
spleen  and  bone-marrow — cells  whose  function  seems  to  be  to 
take  up  breaking-down  red  blood-corpuscles,  complete  their  break- 

^  Gerlach,  ZeiUehrift/Ur  taiunulU  Medieint  viL  (1849),  p.  79. 
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ing-dowo,  and  perhaps  in  some  way  prepare  their  haBmoglobin 
for  being  again  made  use  of.  In  the  accompanying  drawings 
my  reasons  for  supposing  this  function  will  be  seen  (fig.  2). 
The  cells  vary  from  about  8  or  10  micros,  to  perhaps  40  micros, 
in  diameter.  The  nucleus  is,  as  a  rule,  pushed  to  one  side,  and 
often  flattened,  like  the  nucleus  of  a  fat  cell.  In  some  cells, 
however,  I  was,  like  Neumann,  unable  to  distinguish  a  nucleus. 

The  peculiar  contents  of  these  cells  are  well  described  in 
Gerlach's  words,  as  "  bubble-like  reddish-yellow  nuclei " ;  except 
that  they  cannot  be  called  ''  nuclei,''  having,  in  fact,  none  of  the 
characters  of  nuclei.  They  ai'e  perfectly  clear,  show  no  granula- 
tion, and  are  darkly  coloured  with  haemoglobin.^  Of  course, 
Gerlach's  aftt^r-admission  that  they  are  breaking-down  coloured 
corpuscles  shows  that  he  gave  up  the  idea  of  their  being  nuclei 

These  "  blood-corpuscle-holding  cells "  contain,  generally  ac- 
cording to  their  size,  one  or  several  "  bubble- like  reddish-yellow  " 
bodies,  which  vary  very  markedly  in  size,  and  vary  in  colour 
directly  with  their  size.  In  some  of  the  cells  there  can  be  seen,  in 
the  centre,  a  round  or  irregular  coloured  body,  often  many  times 
larger  than  a  normal  red  corpuscle ;  which  at  first  may  appear 
single,  but  when  carefully  focussed  is  seen  to  be  composed  of  a 
number  of  smaller  bodies  closely  packed  together  (fig.  2, 1). 
As  a  rule,  around  this  darkly-coloured  mass  there  are  many 
small  straw-coloured  fragments,  which  have  exactly  the  same 
appearance  as  the  fragments  of  a  broken-down  red  corpuscle. 
The  general  finely  granular  protoplasm  of  the  cell  has,  as  a  rule, 
a  faint  haemoglobin  tint.  Different  examples  of  these  cells  are 
shown  in  fig.  2. 

It  would  appear  that  under  the  influence  of  these  cells  the 
haemoglobin-substance  of  the  broken-down  red  corpuscles  is 
fused  into  a  common  mass ;  but  whether  their  function  is  to 
prepare  haemoglobin  to  be  again  made  use  of  as  haemoglobin 
or  to  prepare  it  for  being  carried  to  the  liver  to  be  there  made 
use  of,  it  would  be  difficult  to  say. 

Before  giving  a  summary  of  my  conclusions,  I  should  like 
again  to  draw  attention  to  the  excellent  advice  of  Neumann  and 
Bizzozero,  who  urge  that  the  substance  of  the  blood-forming 
organs  should,  like  the  blood  itself,  always  be  examined  fresh, 
and  either  undiluted  or  diluted  with  netUral  fluids. 
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The  conclusions  are : — 

1.  Nucleated  red  cells,  derived  from  white  corpuscles  and 
colourless  marrow  cells,  are  the  only  forerunners  of  the  non- 
nucleated  red  blood-corpuscle,  throughout  the  whole  of  life. 

2.  The  trans  Formation  of  the  colourless  cells  into  nucleated  red 
cells  takes  place  in  the  bone-marrow,8pleen,and  lymphatic  glands. 

3.  The  colourless  cells  and  the  nucleated  red  cells  multiply 
in  the  blood-forming  organs  by  division. 

4.  The  red  bone-marrow  plays  the  most  important  part  in  the 
production  of  red  blood-corpuscles  during  extra-uterine  life. 

5.  After  the  production  of  anaBmia,  some  of  the  fatty  marrow 
becomes  red  marrow,  and  joins  in  the  formation  of  red  blood- 
corpuscles. 

6.  The  blood-forming  action  of  the  spleen  is  in  extra-uterine  life 
a  subordinate  one,  but  when  the  reserve  blood-forming  capabili- 
ties of  an  animal  are  called  on  its  activity  is  greatly  increased. 

7.  After  excision  of  the  spleen,  a  portion  of  the  formerly  fatty 
marrow  becomes  red  marrow,  and  the  lymphatic  glands  increase 
their  activity  as  regards  the  production  of  red  blood-corpuscles. 

8.  After  excision  of  the  spleen,  the  red  corpuscles  in  the  blood 
decrease  in  number,  and  there  is  a  consequent  increase  in  the 
number  of  white  corpuscles.  The  red  corpuscles  return  to  their 
normal  number  within  six  months,  after  which  there  may  be 
a  decrease  in  the  number  of  white  corpuscles. 

9.  The  chief  function  of  the  lymphatic  glands  is  the  pro- 
duction of  white  corpuscles,  but  they  also,  even  in  normal 
conditions,  produce  a  certain  number  of  red  corpuscles.  Their 
activity  in  the  latter  respect  increases  with  the  necessity  for  the 
production  of  red  corpuscles. 

10.  The  spleen  and  bone-marrow,  and  possibly  also  the  lym- 
phatic glands,  contain  cells  whose  function  appears  to  be  to 
break  down  red  blood-corpuscles.^ 

^  With  reference  to  Dr  Gibeon's  thesis,  Dr  Creighton  has  called  the  Editors' 
attention  to  a  paper  by  himself  (Dr  C),  "lUostrations  of  the  Pathology  of  Sar- 
coma," published  in  1880,  in  the  April  number  of  this  Jowmalf  claiming  that  it 
contains  an  important  contribution  to  the  study  of  blood-formation,  and  that  he 
has  developed  his  hematoblastic  doctrine  farther  in  the  article  ''Pathology"  in 
the  EtwyclopcBdia  Britannica,  As  Dr  Gibson  sailed  for  Queensland  some  months 
ago,  it  has  not  been  possible  to  bring  Dr  Creighton*s  papers  under  his  notice,  but 
the  Editors  take  this  opportunity  of  referring  to  them. 

VOL.  XX.  2  H 
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EXPLANATION  OF  PLATE  XIV. 

Fig.  1.  a,  Colourless  marrow-cells,  that  is,  marrow-cells  before  the 
appeaiunce  of  haBmoglobin  in  them,  b.  First  appearance  of  haemo- 
globin in  marrow-cells,  c,  A  later  stage  of  the  marrow-cells,  d,  Typi- 
cal nucleated  red  cell.  «,  Probably  shows  the  remains  of  a  nucleus  in 
a  red  celL  /,  Ordinary  non-nucleated  red  corpuscles,  to  serve  as  a 
scale. 

Fig.  2.  a.  Small  "blood-corpuscle-holding  cell,"  containing  one 
pretty  large  "  bubble-like  reddish-yellow  "  body,  h,  Large  blood-cor- 
puscle-holding cell,  containing  many  broken-down  and  partially  fused 
red  corpuscles  (bubble-like  reddish-yellow  bodies),  c,  The  same  as  6, 
but  with  fragments  more  completely  fused  together  in  centre.  Many 
small  isolated  fragments  of  red  corpuscles  in  the  periphery  of  the  cell 
df  Shows  small  nucleus  (unstained),  pushed  into  a  corner.  Various 
bubble-like  bodies  :  some  very  faintly  haemoglobin-tinted,  one  very 
deeply  tinted.  «,  Large  "  blood-corpuscle-holding  cell,"  with  nucleus 
(unstained)  pushed  to  one  side  and  flattened.  Many  bubble-like 
bodies.  The  lai^er  the  bodies,  the  more  darkly  are  they  tinted  with 
haemoglobin.  /  and  g,  Other  examples  of  "blood-corpuscle-holding 
cells." 


(To  be  completed  in  die  next  number,) 


INVESTIGATIONS  IN  THE  RELATION  BETWEEN  CON- 
VERGENCE  AND  ACCOMMODATION  OF  THE 
EYES.  By  Ernest  E.  Maddox,  M.B.  Edin.,  SyTue 
Surgical  Fellow  in  the  University  of  Edinburgh} 

I.  Introductory  Sketch, 

Why,  if  wo  see  separately  with  ecLch  eye,  do  we  not  see  dovhle 
when  both  are  used?  This  problem  has  taxed  the  ingenuity 
of  many  busy  minds  in  past  ages,  and  its  history  is  by  no 
means  one  of  uniform  progress. 

Euclid,  two  or  three  centuries  B.C.,  had  advanced  so  far  beyond 
some  at  a  far  later  date  as  to  recognise  that  both  eyes  were  employed 
in  unison,  and  that  their  dissimilar  pictures  were  in  some  way  united. 
Gralen  surmised  that  the  union  of  the  optic  nerves  at  the  commissure 
supplied  a  clue.  Both  he  and  Herophilus  assumed  that  the  two 
nerves  were  there  united  by  mysterious  pores ;  doubtless  to  permit 
the  free  passage  and  intercourse  of  the  Uttle  spirits  of  both  sides, 
whose  remarkable  unanimity  in  fitting  the  pictures  together  was 
evidenced  by  single  vision.  Later  on  Gassendus,  Tacquet,  and  Joan 
Baptista  Porta,  the  inventor  of  the  camera  obscura,  escaped  the 
difficulty  altogether  by  assuming  that  one  eye  only  at  a  time  was 
engaged  in  vision. 

In  1613,  Francis  Aguillon  (Aguilonius),  a  learned  Jesuit,  called  in 
the  aid  of  what  he  termed  a  "  common  sense,"  which  "imparts  its  aid 
equally  to  each  eye,  exerting  its  own  power  equally  in  the  same 
manner  as  the  eyes  are  converged  by  means  of  their  optical 
axes.''  This  was  an  advance,  for  the  two  pictures,  we  may  truly  say, 
are  mentally  united  by  a  "common  sense,"'  of  the  real  nature  of 
which  we  probably  know  little  more  than  Aguilonius,  though  we 
may  notice  more  of  its  effects. 

Dr  Briggs  appears  to  have  been  the  first  to  have  suggested  "  cor- 
responding "  or  "  identical "  points  in  the  two  retinae,  that  is,  that  each 
point  on  the  inner  side  of  one  retina  has  a  corresponding  point  on  the 
outer  side  of  the  other,  so  that  when  images  are  thrown  by  an  object 
upon  these  identical  points,  they  are  mentally  united.  This  was  a 
great  advance,  though  the  theory  of  "  identical  points  in  the  fleld  of 
vision"  is  now  considered  more  correct.     But  he  explained  it  in  a 

^  The  original  of  this  memoir  was  the  successful  essay  submitted  in  com- 
petition for  the  Syme  Surgical  Fellowship  in  April  1884.  Before  publication  it 
has  been  revised  and  enlarged. 

*  It  is  now  located  in  a  theoretical  **  fusion  centre." 
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curious  way,  by  ascribing  to  each  fibre  of  the  optic  nerve  a  diflFerent 
degree  of  tension,  like  the  strings  of  a  violin  or  piano,  each  vibrating 
in  unison  with  its  own  retinal  area, — ^*  a  tension,''  argued  Porterfield, 
'*  impossible  in  the  soft  and  pulpy  structure  of  the  nerve  fibres." 

From  the  fact  that  ''  in  animals  which  look  the  same  way  with 
both  eyes,  the  optic  nerves  meet  before  they  enter  the  brain,  while 
this  union  does  not  occur  in  those  which  do  not,  such  as  fishes  and 
the  chameleon,"  Sir  Isaac  Newton  suggested  an  arrangement  of  the 
optic  fibres  at  the  commissure,  which  exactly  tallies  with  that  now 
generally  received — "the  fibres  on  the  right  side  of  both  (optick) 
nerves  uniting  there  at  the  commissure,  and,  after  union,  going 
thence  into  the  brain  in  the  nerve  which  is  on  the  right  side  of  the 
head,  and  the  fibres  on  the  left  side  of  both  nerves  uniting  in  the 
same  place,  and,  after  union,  going  into  the  brain  in  the  nerve  which 
is  on  the  left  side  of  the  head.''  I  quote  from  the  13th  Query 
at  the  end  of  his  "  Treatise  on  Opticks"  (1718),  the  more  remarkable 
because  it  was  the  belief  of  anatomists,  like  Vesalius,  that  no 
decussation  occurred  at  the  commissure,  and  that  it  consisted  of 
fibrous  tissue. 

Dr  William  Porterfield  of  Edinburgh  is  believed  to  have  first 
enunciated  the  correct,  though  still  very  partial  theory  of  binocular 
vision.  In  his  '^Treatise  on  the  Eye"  (1759)^  he  showed  that  when 
the  eyes  are  accommodated  for  any  object  their  two  visual  axes  are 
also  exactly  converged  upon  the  same  point,  and  ''  since  each  eye 
possesses  the  power,  either  intuitively  or  by  acquisition,  of  localising 
points  in  space,  the  object  must  appear  single,  it  being  impossible 
for  us  to  conceive  two  objects  existing  in  the  same  place  at  the  same 
time. 

Single  binocular  vision  therefore  requires  a  perfect  concert 
between  the  efforts  of  accommodation  and  convergence.  The 
former  secures  distinct  vision ;  the  latter  sirigle  vision. 

Accommodation  affects  the  nature  of  the  images  thrown  on 
the  retinae ;  convergence  affects  their  position  on  the  retinae,  so 
that  they  still  fall  on  the  same  portions  whether  the  object 
looked  at  is  near  or  distant.  If  distant,  both  accommodation 
and  convergence  are  nil  With  every  approach  or  recession  of 
the  object,  they  increase  or  decrease  simultaneously.  The  two 
efforts  are  not  only  associated  in  their  daily  exercise,  but  the 
nervous  centres  which  govern  tbem  are  linked  in  the  brain  by 
strong  nervous  ties,  so  that  the  slightest  action  of  one  affects 
the  other.  This  is  shown  by  Bonders'  experiments,  for,  though 
they  demonstrate  that  the  desire  for  single  vision  has  power  to 
overcome  the  nervous  ties  within  limits,  when  lenses  or  prisms 
are  used,  yet  they  show  also  that  the  slightest  alteration  in 

^  To  which  I  am  indebted  for  most  of  what  precedes. ' 
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convergence  shifts  both  limits  of  the  possible  play  of  accommo- 
dation in  the  same  direction. 

Further  evidence  was  given  by  Dr  Loring,  who,  while  look- 
ing at  an  object  through  concave  lenses,  reduced  the  desire  for 
fusion  by  placing  coloured  glass  before  one  eye,  and  thus  pro- 
duced diplopia.  The  distance  between  the  two  images  varied 
with  the  strength  of  the  lenses  worn,  showing  that "  for  every 
degree  of  tension  of  the  ciliary  muscle  there  is  a  corresponding 
degree  of  tension  of  the  internL" 

Convergence,  like  accommodation,  is  brought  about  by  a  single 
effort.  Hering's  theory  may  well  be  mentioned  here,  since  it 
receives  striking  and  repeated  confirmation  in  the  following 
pages.  It  is  that  "  each  eye  is  supplied  by  two  innervations — 
one  directed  to  the  turning  of  both  eyes  to  the  right  or  left,  the 
other  to  turning  both  eyes  inward  or  outward."  "  Both  eyes  are 
used  in  the  service  of  the  sense  of  sight  as  a  single  organ  con- 
sisting of  two  separate  limbs." 

The  movements  of  both  eyes  to  the  right  or  left  may  for  con- 
venience be  called  "  ranging  "  movements.  They  depend  on  two 
distinct  mechanisms,  which  have  no  known  connection  with  each 
other.  Of  these,  one  supplies  the  external  rectus  of  the  right 
eye  and  the  internal  rectus  of  the  left,  and  turns  both  eyes  to 
the  right;  the  other  supplies  the  remaining  lateral  recti,  and 
turns  both  eyes  to  the  left.  When  both  ranging  centres  evolve 
an  equal  quantity  of  nervous  energy  the  result  is  simply  in- 
creased tension  of  all  four  lateral  recti,  since  each  internus 
antagonises  its  fellow  externus.  If  one  centre  predominates, 
both  eyes  are  deviated  to  the  right  or  left  as  the  case  may  be.^ 
Stimulation  of  Ferrier's  area  12  in  the  frontal  lobe  causes 
among  other  movements  turning  of  both  eyes  to  the  opposite 
side.  It  is  clear,  therefore,  that  "conve7'gence"  or  intersection 
of  the  visual  axes  is  not  provided  for  by  this  innervation.  It 
is  brought  about  by  a  separate  and  superadded  e£fort,  and  is 
provided  for  by  a  mechanism  which  affects  both  eyes  equally. 

^  In  the  nates  Adamiik  finds  a  common  centre  for  both  eyes,  stimulation  of  the 
right  side  producing  movements  of  both  eyes  to  the  left,  of  the  left  side  move- 
ments to  the  right,  while  stimulation  in  the  middle  line  behind  causes  a  down- 
ward movement  of  both  eyes  with  convergence  of  the  axis,  and  in  the  front  an 
upward  movement  with  return  to  parallelism,  both  accompanied  by  the  naturally 
associated  movements  of  the  pupil. — Michael  Foster. 
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When  an  object  is  viewed  in  the  mesial  plane  the  effort  of 
convergence  causes  the  two  visual  axes  to  intersect  at  the  point 
of  fixation,  and  no  effort  is  needed  on  the  part  of  either  ranging 
centre.  But  if  the  point  of  fixation  is  carried  ever  so  little  to 
the  right  or  left  of  the  mesial  plane,  convergence  must  be  sup- 
plemented by  an  effort  of  one  of  the  ranging  centres  to  carry 
the  point  of  intersection  into  the  required  plane. 

Is  the  central  connection  between  the  efforts  of  convergence 
and  accommodation  complete  ?  Though  the  nervous  association 
can  be  partly  overccyine  when  necessary  by  prisms  or  lenses,  it 
does  not  follow  that  it  should  be  naturally  incomplete,  and  it 
has  generally  been  supposed  that  a  normal  eye  when  excluded 
from  vision  would  remain  in  statu  quo.  Consistently  with 
this,  since  the  demand  for  accommodation  is  relatively  greater 
in  a  hypcrmetrope  and  less  in  a  myope  than  in  normal  eyes,  it 
has  been  supposed  that  under  the  same  conditions  the  eye  of 
every  myope  would  deviate  outwards,  and  that  of  every  hypcr- 
metrope inwards.    We  shall  find  this  is  far  from  being  the  case. 

II.  The  Blind-spot  Method  of  employing  the  ''Visual  Camera,'* 

The  object  of  this  method  is  to  ascertain  the  behaviour  of  an 
eye  placed  subjectively  in  the  dark  when  the  other  eye  is 
employed  in  vision.  The  blind  spot,  or  "punctum  caecum," 
is  a  nearly  circular  gap  in  the  field  of  vision  of  each  eye  dis- 
covered by  Mariotte,  and  shown  by  Donders  to  be  due  to  the 
fact  that  the  entire  surface  of  the  "  optic  disc  "  (the  extremity  of 
the  optic  nerve  at  its  entrance  into  the  eye)  is  wholly  insensible 
to  light.  When  one  eye  is  closed,  therefore,  there  is  an  area  in 
the  outer  part  of  the  field  of  vision  of  the  other  entirely  devoid 
of  visual  impressions,  and  large  enough,  according  to  Helmholtz, 
for  eleven  full  moons  to  stand  in  a  row  in  it  (ffandbuch  der 
Physiologik  Optik,  1867).  The  method  of  its  employment  for 
our  purpose  is  illustrated  in  fig.  1,  which  represents  a  dark  box 
or  camera  of  a  flattened  pyramidal  shape,  measuring  about  a  foot 
from  side  to  side  and  nine  inches  from  before  backwards.^  The 
narrow  end  contains  two  visual  apertures,  pierced  through  slides 
(a,  a),  which  permit  their  mutual  distance  to  be  regulated  as  the 
eyes  of  different  observers  require. 

^  To  be  obtained  from  Messrs  Pickard  k  Curry, ;Gt  Portland  St.,  London. 
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The  curved  border  of  the  box  is  built  up  of  two  arcs  (rf,  d) 
united  by  a  straight  line  nearly  2J  inches  long,  and  therefore 
equal  to  the  average  distance  between  the  centres  of  the  two 
eyes,  while  each  arc  is  part  of  a  circle  drawn  from  the  centre  of 
motion^  of  the  eye  of  the  same  side.  This  end  of  the  box  is 
provided  with  three  luminous  points,  one  fixed  (e)  and   two 


/^-fi  linfys^ 


Macula 


Fig.  1. — View  of  the  viBual  camera  with  the  roof  removed. 

{Erratum. — The  dotted  lines  should  cross  in  the  crystalline  lens  instead  of 

behind  it;  22}  lines  should  be  28}  lines.) 

movable  (/,/).  They  are  tiny  apertures,  which  become  luminous 
when  the  box  is  held  up  to  the  light.  The  central  one  {e)  is 
stationary,  and  since  it  is  used  as  the  point  of  fixation,  should  be 
provided  with  a  piece  of  ground  glass,  a  letter,  or  cross  wires,  to 
fix  attention.^    The  lateral  points  (/,/)  are  preferably  coloured, 

^  This  point  is  about  18  mm.  (Donders)  behind  the  anterior  surface  of  the  cornea. 
Nearly  half  an  inch  is  allowed  for  the  distance  of  the  comere  from  the  visual 
apertures,  so  that  since  the  box  is  9 '2  inches  from  before  backwards,  points  on 
iXsfurihtr  border  are  10  inches  from  the  dioptric  centres,  and  therefore  when 
looked  at  require  4  dioptres  of  accommodation  to  be  in  exercise.  A  dioptre  is  the 
chosen  unit  of  refractive  power ;  it  is  that  possessed  by  a  spherical  lens  of  the 
focal  length  of  a  metre  (nearly  40  inches).  Four  such  lenses  would  represent  the 
increase  in  the  refractive  power  of  the  crystalline  lens  required  to  focus  on  the 
retina  distinct  images  of  points  10  inches  distant 

^  In  default  of  these  it  suffices  to  moisten  a  piece  of  printed  paper  and  apply  it 
to  the  outside  of  the  aperture. 
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and  are  pierced  through  brass  slides  (s,  a)  which  travel  in 
grooves,  so  that  each  apertare  can  be  moved  at  pleasure  along 
its  own  half  of  the  curved  end  independently  of  the  other  and 
of  the  central  one,  and  without  the  admission  of  any  additional 
light  This  is  brought  about  by  a  system  of  long  slits  so  cut  in 
the  brasswork  that  the  two  slides  and  the  side  of  the  box  against 
which  they  are  apposed  mutually  overlap  each  other's  slits,  and 
yet  permit  the  points  of  light  to  be  seen  through.  A  graduated 
scale  of  degrees  (made  by  taking  as  a  radius  the  centre  of  the 
eye  of  the  same  side)  is  attached  to  the  outer  surface  of  the  arcs, 
and  indicates  the  angular  interval  between  each  of  the  movable 
points  and  the  central  one. 

The  camera  is  nearly  divided  into  two  lateral  compartments 
by  a  median  vertical  partition  (b),  which  runs  forward  to  within 
an  inch  or  two  of  the  central  luminous  point.  It  is  interrupted 
by  a  small  cross-piece  of  wood  called  the  "  stop  "  or  "  obstructive " 
(c),  which  is  let  in  through  a  slit  in  the  roof,  and  can  be  made  b 
travel  shortly  from  side  to  side  so  as  to  intercept  at  pleasure  the 
view  of  the  central  point  (e)  by  either  the  right  or  left  eye. 
This  is  shown  to  the  right  in  dotted  outline  (g),  but  the  central 
point  (e)  is  perfectly  visible  by  both  eyes,  so  long  as  the  "stop" 
is  in  the  middle  of  its  slit,  as  represented  by  the  sliaded  portiot 
of  the  figure  (o). 

Since  the  optic  nerve  enters  the  eye  to  the  intier  side  of  the 
visual  axis,  and  since  all  projections  are  reversed  in  position, 
there  is  an  area  on  each  side  of  the  curved  end  of  the  box  (repre- 
sented by  a  shaded  circle)  which  corresponds  to  the  projection 
of  the  blind  spot  of  the  eye  of  the  same  side,  and  which  may  bo 
called  the  "  blind  area."  Each  is  about  an  inch  in  diameter  at 
this  distance  from  the  eye.  It  may  be  observed  that  vision  of 
the  viovaUe  points  is  always  monocular,  since  the  medium 
partition  (6)  cuts  ofif  the  view  of  each  from  the  opposite  eye ; 
whereas  vision  of  the  central  point  is  either  monocular  or  bin- 
ocular at  pleasure  according  to  the  position  of  the  "  stop,"  the 
motion  of  which  is  too  short  to  interfere  with  the  view  of  either 
of  the  movable  apertures,  though  wide  enough  to  interfere  (when 
desired)  with  the  view  of  the  central  one  by  either  eye. 

Exp.  1. — As  a  preliminary,  push  the  left  brass  slide  inwards  until 
the   point   it  bears    is  overlapped    by   the    brass    work  and  thus 
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disposed  o£     It  is  not  needed  in  the  obseTV&tion.     Pnt  the  stop 
in  the  middle  at  its  slit,  and  leave  the  riffht  movable  point  witliin 
the  usual  limits  of  the  right  blind  area.     Now  let  the  subject  of 
the  experiment  hold  the  camera  up  to  the  light  and  look  steadily 
with  both  eyes  at  the  central  fixation  point     The  i^ht  luminous 
point,  being   in  the  blind  atea,  is  then  out  of  sight  to   long   ae 
the  stop  ia  in  the  middle.     Now  push  the  stop  to  the  right,  and 
it  will  be  found  that  though   the  observer   does  not  know  what 
has  happened,  and  still  thinks  he  sees  as  before  with  both  eyes,  yet 
in  most  cases,  after  the  lapse  of  a  moment  of  two,  the  hitherto 
hidden  point  springs  into  view,  showing  that  the  eye  has  deviated 
from  its  fonner  position,  and  has  allowed  the  image  of  the  luminous 
point  to  fall  on  a  sensitive  portion  of  the  retina,  as  in  fig.  2. 
The  only  effect  of  which  the  observer 
ia  conscious  when  the  stop  is  pushed 
to  the  right  is  that  the  fixation  aper- 
ture appears  less  bright,^  yet  by  so 
doing  the  right  eye  is  escluded  from 
vision  entirely,  and  placed  subjectively 
in  the  dark,  since  of  the  two  apertures 
the  fixation  one  is  cut  off  hy  the  stop 
and  the  other  throws  its  im^  on  the 
blind  spot  where  it  produces  no  im- 
pression.    He  is  aware  neither  of  the 
exclusion  of  the  eye  nor  of  ite  devia- 

If  now,  afUr  the  eye  has  deviated,   n     «     m,     ■  ■       r  .v        ._i 
,,       .  , ,  ',  i-j     ■     J  1    Fio.  2.— The  Tision  of  the  central 

the  nght  brass  slide  is  drawn  out-  ^j^.tnre  (=)  boing  cut  off  by  the 
wards,  the  movable  point  it  bears  stop  from  the  right  eye,  ita  axis 
again  becomes  lost  to  view  in  the  bis  deviated  fi'oni « to  r,  and  its 
blind  area,  showing  that  the  devia-  blind  area  (*■)!.««  moved  to  ex- 
. .  J.       J        Ti  111       sctly  the  same  extent,  so  tllflt  it 

tion  was  md^mrdt.  Ite  exact  extent  „o  {o,,^^,  cou^eula  tbe  point  of 
may  bs  measured  in  degrees  by  read-  light  (/).  The  fefl  blind  area  (4) 
ing  off  from  the  graduated  scale,  the  doea  not  move,  showing  that  only 
position  of  ths  inner  border  of  the  """^  '^  ^'''^^■ 
blind  area  before  and  after  the  eye  has  deviated,  that  is,^re^  with  the 
stop  in  the  middle  and  then  to  the  right.  The  difference  between  the 
two  records  gives  the  angular  deviation  of  the  visual  axis.  In  my  own 
eyes  it  is  about  6°  as  a  rule,  though  it  varies  from  3°  to  7°  or  oven  8', 
according  to  the  time  of  day,  the  temporary  comparative  omemia  or 
congestion  of  the  brain,  the  previous  occupation  of  the  eyes,  and 
doubtless  many  other  conditions.  It  appears  to  be  greater  in  the 
morning  than  in  the  evening,  and  leas  after  much  reading,  or  with  con- 
gestion of  the  eyes  from  close  work  or  hot  rooms.  That  there  should 
be  any  outward  deviation  at  all  in  my  case  was  an  unexpected  result, 
owing  to  the  presence  of  at  least  2  D  of  hypennctropia,  for  it  has 
hitherto  been  supposed  that  when  excluded  from  vision  a  hyperme- 

i_Tho  central  aperture  sometimefl  slao  appears  to  moTe  slowly  to  the  right,  but 
this  is  not  generally  uoticed  uuIbbb  attention  is  callsd  to  the  fact 
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tropic  one  deviated  mtearde.^  I  believe,  however,  that  a  great  many 
eyes  with  minor  degrees  of  hypermetropia  would  be  found  to  devi- 
ate outwards,  and  that  if  this  were  duly  estimated  some  of  those 
difficult  citaes  might  bo  more  readily  relieved  which  are  so  sensitive 
to  any  disturbance  of  the  requisite  relation,  between  conveigence  and 
accommodation. 

The  psychical  factor  f umisbes  an  occasional  difficulty  in  the  observa- 
tions wben  there  is  a  constant  expectation  of  seeing  the  bidden  point 
appear.     It  may  be  guarded  against  by  registering  the  position  of  the 
outer  as  well  as  tbe  inner  border 
of  the  blind  area  in  both  records, 
wbicb  thus    mutually  correct  eacb 
other,  since  tbe  same  mental  effort 
which  might  prematurely  bring  the 
bidden  point  into  view  when  one 
border  is  being  tested  would  do  the 
very  reverse  when    the    other   is 
under  trioL     Moreover,   if  the  re- 
corded breadth  of  the  blind  area  be 
found  equal  in  the  two  observations, 
before  tbe  deviation  and  after  it, 
tbe  coincidence    is    reassuring   as 
to   the  exactness  of   the  records. 
Variations   in  tbe   shape  and  size 
of  the  "  disc  "  in  no  wise  affect  the 
experiments,  since  the  same  deRnito 
point  in  each  border  is  taken  as 
the  index  of  deviation.     The  shape 
Fia.;3,-AcBwag  tlic  optic  onglo  be   of  the  curved  end   of  the  box    is 
Tore  the  rightsyednviiited.    MY^r   sucb  that  each  movable  apertuii}  in 
UiB  optic  angle  (^fUr  deviation ;  it   any  part  of  its  range  still  throws 
tiny  and  distinct  image   uj 
retina  instead  of  a  difTused  o 
as  Donders  has  said,  "  in  the  emmetropic  eye  tbe  whole  curvature  of 
tbe  retina  lies  in  tbe  focal  surface  of  the  dioptric  system,"     The 
image  is  about  iV^h  the  size  of  tbe  aperture,  so  that  tbe  latter  being 
half  a  line   wide  its  image  is  about  j^th  of  an  inch  in  width. 

•  I  am  indebted  to  Mr  Brudenell  Carter's  "  Defects  of  Vision  "  for  the  fact 
tliat  Hansen  liss  recorded  a  tew  instsnees  of  "  central  defect,"  though  Mr  Carter 
hail  not  identified  them  (1S77,  p.  141),  and  says :  "  In  sverj  caae  of  myopia  the 
tendency  of  the  visual  axes  would  be  towards  iliver);ence,  and  in  every  case  of 
hypermetropia  the  tendency  would  be  towards  convergence  ns  soon  afl  the  con- 
trol exercised  by  tbe  demand  for  fusion  was  withdrawn''  (p.  138).  To  Hansen 
tben  belongs  the  firat  notification  of  tbe  fact  that  in  "a  fewpersona  "an  excluded 
eye  diverges  with  tlie  ordinary  testa  at  reading  distance.  T  think,  however,  the 
camera  will  show  that  inatp.id  of  being  a  rare  exception,  thia  is  the  normal  con. 
dition,  though  not  the  invariable  one.  Doubtless  Han.ien's  cases  were,  in  one 
sense,  rtalty  txeepUons  to  ths  normal,  in  tliat  the  degree  of  deviatiou  was  Urge 
enough  to  be  detected  by  the  ordinary  methods. 
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It  may  be  stated  as  a  simple  geometrical  necessity  ^  that  the  angular 
deviation  of  either  eye  alters  the  "  optic  angle "  (or  "  angle  of  con- 
vergence '*  contained  between  the  two  visual  axes),  by  the  same  number 
of  degrees  (fig.  3).  When  both  eyes  fix  the  central  aperture  the  optic 
angle  is  14*.  A  deviation  therefore  of  the  excluded  eye  to  the  extent 
of  5°,  reduces  the  optic  angle  from  14°  to  9*.  From  this  it  is  easy  to 
calculate  that,  -while  accommodation  still  remains  in  both  eyes  for  a 
distance  of  10  inches,  the  visual  axes  intersect  at  a  distance  more  than 
half  as  much  again  (15*7  in.),  and  which,  if  it  in  turn  became  the  point 
of  fixation,  would  need  1^  dioptres  less  of  accommodation  to  be  in 
exercise  (2|-  D  instead  of  4  D)/^  1  have  tried  a  sufficient  number  of 
cases  to  assui*e  myself  that  outward  deviation  of  the  excluded  eye 
is  the  rule  where  refraction  is  apparently  normal  or  only  slightly 
hypermetropic,  though  here  and  there  an  exception  is  found.  Of  ten 
recorded  cases  the  average  deviation  was  4^°,  as  shown  in  the  follow- 
ing table,  which  also  gives  the  angular  interval  between  each  border 
of  the  blind  area  and  the  visual  axis  before  deviation — the  difference 
between  them  gives  angular  dimensions  of  the  blind  spot. 

Table  I. 


No. 


1. 
2. 
3. 
4. 
5. 
6. 

7. 

8. 

9. 

10. 


Inner  border  of 
blind  area. 


Outer  l>order  of 
blind  area. 


Breadth  of  blind 
area. 


6f 
6" 

5r 


Average, 


Deviation. 


0" 
r  or  V 

4*" 

i 


4V 


If  this  table  is  at  all  representative  (and  I  expect  it  is  fairly  so),  it 
shows  that,  while  deviation  occurs  in  nearly  all,  its  amount  varies  greatly 
in  diflFerent  individuals;  in  No.  10  only  6^**  of  convergence  is  left,  as 
attached  centrally  to  the  accommodative  effort — less  than  one  half.  A 
more  extensive  set  of  observations  is  much  to  be  desired  to  arrive  at  a 
more  reliable  average,  and  to  seek,  if  possible,  to  note  some  of  the 
causes  of  these  variations,  but  for  taking  records  the  **  direct  method," 
to  be  described  presently,  is  far  to  be  preferred. 

*  Euc,  bk.  i.  prop.  32. 

*  See  the  footnote  on  page  479. 
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It  hafl  been  considered  by  Bonders,  a  fact  at  present  un- 
accountable, that  only  a  small  proportion  of  hypermetropes 
should  develop  strabismus,  and  that  the  same  refractive  anomaly 
should  lead  to  squint  in  some  cases  and  not  in  others.  No 
doubt  an  explanation  is  afforded  by  these  great  variations  which 
exist  in  the  amount  of  convergence  naturally  attached  to  the 
effort  of  accommodation.  So  long  as  every  hypermetropic  eye 
was  supposed  to  deviate  inwards  when  excluded  there  was  no 
reason  why  all  hypermetropes  should  not  squint.  The  minor 
degrees  of  deviation  which  the  camera  detects  come  thus  to 
have  importance.  The  advantages  of  angular  measurements 
over  linear  ones  are  obvious.  The  latter  would  vary  with 
camerse  of  different  sizes,  and  would  not  permit  of  direct  com- 
parison, whereas  the  former  are  invariabla 

It  is  evident  from  the  results  obtained  that  the  central  con- 
nection between  the  efforts  of  convergence  and  accommodation 
is  still  considerable,  though  not  complete.  If  there  were  no 
central  connection  the  excluded  eye  would  deviate  outwards 
nearly  14°  instead  of  only  4J°.  If  the  connection  were  com- 
plete it  would  not  deviate  at  all.  In  ordinary  vision  there  is 
perfect  concert  between  the  two  efforts,  since  the  two  visual 
axes  meet  exactly  at  whatever  point  is  accommodated  for.  To 
bring  this  about  a  *'  supplementary "  effort  must  be  in  exercise 
whenever  central  connection  is  insufficient.  This  effort  is  con- 
nected with  the  instinctive  desire  for  single  vision,  of  which  the 
seat  is  yet  unknown,  so  that  we  may  say  the  relatively  complete 
convergence  oi  ordinary  vision  is  maintained  partly  by  central 
connection  with  accommodation  and  partly  by  this  additional 
effort,  which  is^r^  roused  into  activity  by  the  sensible  presence 
of  double  images,  and  then  maintained  in  exercise  by  the  fact, 
of  which  the  nervous  centre  is  every  moment  kept  sensible,  that 
were  the  effort  abated  the  mental  image  would  immediately 
resolve  itself  visually  into  two.  To  keep  it  from  doing  so  the 
joint  sensations  from  the  retinsB  must  all  the  while  be  bearing 
between  them  the  message  of  continually  impending  (yet  as 
quickly  averted)  double  vision,  by  threats  of  double  images  so 
slight  and  frequent  that  they  produce  the  required  effect  with- 
out our  being  conscious  of  their  existence.  It  is  difScult  to 
conceive  the  exquisite  mechanism  at  work  so  assiduously  when 


CONVERQENCE  AND  ACCOHHOUATION   OF  THE  EYES.        485 

we  remember  that,  if  double  im^eB  are  produced  artificially  or 
by  disease,  it  is  impossible  for  the  miad  ti)  tell  to  which  eye 
each  image  belongs — whether,  therefore,  the  visual  axes  are 
crossed  or  not,  and  whether  convergence  needs  to  be  increased 
or  relaxed  to  bring  the  images  together. 

By  Bering's  theory,  couvei^ence  is  a  single  ett'ort,  exerted  in 
equal  amount  in  each  eye. 

It  13  also  clear  that  impressions  from  both  eyes  are  neces- 
sary to  maintain  the  supplementary  factor  in  convergence  con- 
nected with  the  abhorrence  of  double  images.  When,  thei-efore, 
the  obstractire  in  the  experiment 
is  placed  before  the  right  eye, 
and  vision  is  confined  to  the  left 
only,  this  common  effort  ceases, 
and  both  internal  recti  receive 
correspondingly  diminished  im- 
pulses from  the  converging 
centre.  Were  this  all  that  hap- 
pened, e.g.,  in  my  own  cose,  each 
eye  would  deviate  outwards  2J° 
R3  represented  by  the  dotted 
lines  in  Gg.  2,  As  a  matter  of 
fact,  however,  the  active  one 
remains    stationary,    fixing    the  kic  3a.— Convcrgento  of  tiio  visual 

central  aperture,  while  the  uncon-     "'t"^"  ^V*^  Uft  hand  cross  fa 

u^.,  ,  effectod  by  tbe  converging  innerva- 

trulled  one  moves  outwards  5  .  tiou;  but  they  are  jointly  deflected 

This  »»  be  pMved  by  con.-  *:g';:n'S'it,Vn'rit.3 
mencing  the  experiment  with  both  Hermg's  theory. 
lateral  apertures  in  their  respective  blind  areas,  when  it  will  be 
found  that  if  the  stop  is  pushed  to  tbe  right,  although  the  right 
lateral  aperture  comes  into  view,  the  left  one  remains  hidden 
the  whole  time ;  if  the  stop  be  pushed  to  the  left  the  left  aper- 
ture appears  while  the  right  one  continues  hidden,  showing  clearly 
that  in  each  case  it  is  the  seeing  eye  which  continues  stationary, 
and  the  excluded  one  which  deviates.  Another  innervation, 
therefore,  distinct  from  that  of  convergence,  must  come  into 
play  to  keep  both  the  eyes  from  deviating  equally.  This  is 
found  iu  that  centre  whose  ordinary  function  it  is  to  turn  both 
eyes  to  the  right,  and  which,  therefore,  presides  over  the  internal 
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rectus  of  tlie  left  eye,  and  the  external  of  the  right  eye.  It 
compensates  by  a  slight  e£fort  for  those  impulses  which  the  left 
internal  rectus  has  lost  from  the  converging  centre ;  but  since  it 
governs  both  eyes  equally,  while  it  maintains  the  convergence 
of  the  left  eye,  which  would  otherwise  fall  back  2^°,  it  moves 
the  right  eye  through  an  additional  2^"*  {see  fig.  3  a). 

The  effort  put  forth  by  this  fresh  innervation  is  determined 
entirely  by  the  requirements  of  the  seeing  eye ;  it  only  affects 
the  deviating  eye  because  it  cannot  help  influencing  one  as 
much  as  the  other.  Its  intervention  is  proved  by  the  next  two 
experiments.  The  result  is  that  exactly  half  the  deviation  of 
the  right  eye  is  due  to  relaxation  of  the  internal  rectus,  and  the 
other  half  is  due  to  contraction  of  the  external  rectus ;  but  since 
in  the  left  eye  the  diminishing  converging  effort  and  the  in- 
creasing ranging  effort  have  each  to  do  with  the  internal  rectus, 
it  remains  stationary. 

Exp.  2. — With  the  stop  in  the  middle^  fix  the  central  aperture  with 
both  eyes,  and  try  to  place  the  right  forefinger  exactly  upon  the  central 
aperturo  from  outside.  The  attempt  will  succeed  in  proportion  to 
the  perfectness  of  the  observer's  muscular  sense.  Xow  push  the  stop 
to  the  right y  and  repeat  the  attempt.  The  finger  will  be  found  to 
have  missed  its  mark,  and  to  be  actually  on  the  right  side  of  it ;  and 
similarly  to  the  left  side  of  it  if  the  stop  is  pushed  to  the  left  The 
miscalculation  will  bo  slight  if  the  attempt  is  made  directly  after  the 
exclusion  of  the  eye,  and  greater  with  every  increase  in  the  interval 
which  elapses  till  the  maximum  miscalculation  is  reached,  which  in 
my  case  is  about  a  distance  which  corresponds  to  2^°  on  the  giudu- 
ated  scale.  The  right  eye,  we  have  seen,  has  meanwhile  moved  5°. 
It  may  therefore  be  accredited  as  a  rule  that  the  angle  of  miscalcula- 
tion is  half  that  of  the  deviation  of  the  excluded  eye ;  it  is  slight  at 
first,  because  the  deviation  is  slight,  and  they  increase  together  in  the 
proportion  of  1  to  2. 

ft  has  long  been  known  that  when  one  eye  is  closed,  and  a  finger  is 
pushed  forward  from  under  a  book,  it  misses  its  mark  to  the  side  of 
the  closed  eye;  but  I  believe  this  phenomenon  will  be  absent  in 
those  with  whom  deviation  of  an  excluded  eye  does  not  occur  at  the 
distance  of  the  test ;  and  that  the  extent  of  miscalculation  will  be 
found  to  depend  entirely  on  the  atnou7it  of  the  deviation,  and  to  be 
half  as  great. 

Exp.  3. — If  the  central  apeilure  is  very  closely  watched  its  apparent 
])08ition  may  be  observed  to  move  slowly  to  the  right  as  soon  as  the 
stop  is  pushed  to  the  right  Now,  it  is  remarkable  that  the  point  of 
view  should  seein  to  be  moving  when  not  only  is  the  point  really 
stationary  but  also  the  image  it  throws  on  the  retina,  and  the  retina 
itself.     Since  only  one  eye  is  in  this  case  engaged  in  vision,  and  that 
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(as  may  be  shown  by  the  immobility  of  its  blind  area)  keeps  quite  still 
the  whole  time,  there  cannot  be  the  slightest  change  in  the  comparative 
tension  of  its  recti,  to  account  for  the  apparent  movement  of  the 
image.  Moreover,  though  the  excluded  eye  deviates,  we  shall  see 
later  that  the  oculomotor  muscular  sense  is  purely  central  and  not 
peripheral,  since  the  same  degree  of  tension  in  a  muscle  is  mentally 
estimated  or  mentally  ignored,  according  to  the  central  source  of  the 
impulses  which  cause  the  tension.  The  stillness  of  the  seeing  eye 
therefore  proves  that  the  illusion  is  due  to  some  alteration  in  central 
nerve  efifort  of  which  the  mind  takes  (what  is  now)  unnecessary  cog- 
nizance, and  thus  forms  a  false  estimate. 

The  new  effort  is  also  shown  by  the  nature  of  the  apparent  move- 
ment  to  be  the  one  which  the  mind  has  been  accustomed  to  associate 
with  lateral  displacement  of  the  point  of  fixation,  and  with  the  joint 
movement  of  both  eyes  to  the  right,  which  such  displacement  makes 
necessary  in  the  ordinary  vision  of  nature.  The  illusion  cannot  be 
due  to  the  diminution  of  converging  effort,  because  that^  as  we  shall 
see,  is  mentally  associated  only  with  the  idea  of  distance,  not  at  all 
with  the  angular  departure  of  the  object  from  the  median  plane,  or  its 
position  in  tiie  field  of  vision.  The  slowness  of  the  apparent  move- 
ment is  a  striking  feature ;  it  shows  how  gradually  the  ranging  effort 
is  put  forth,  consistently  with  the  gradual  diminution  of  the  converg- 
ing effort  for  which  it  exactly  compensates. 

It  is  a  fact  which  affords  some  food  for  thought^  that  although  the 
stimulus  which  causes  the  '*  supplementary  "  converging  effort  ceases 
suddenly  when  the  stop  is  pushed  to  the  right,  yet  the  effort  itself 
continues  for  some  time  decreasing  only  gradually.  This  is  in  strik- 
ing contrast  to  the  speed  with  which  fidl  convergence  is  again  effected 
when  the  stimulus  is  restored.  The  gradual  relaxation  of  the  con- 
verging effort  when  the  stimulus  is  withdrawn,  causes  both  internal 
recti  to  receive  growingly  feebler  impulses  from  the  converging  centi*e, 
so  that  each  eye  has  a  constant  and  momentary  tendency  to  deviate 
outwards,  which  is  only  prevented  in  the  left  one  by  the  wonderful 
\ngilance  of  the  nervous  mechanism  which  every  instant  appreciates 
this  tendency,  and  as  quickly  compensates  for  it,  not  by  again  stimu- 
lating the  flagging  convergence,  but  by  causing  a  strictly  propor- 
tionate and  gradual  increase  of  that  effort  whose  output  causes  in  the 
mind  the  impression  that  the  point  of  view  (really  stationary)  is 
moving  to  the  right.  It  need  hardly  be  said  that  all  this  naturally 
accords  with  and  establishes  Hering's  theories  mentioned  on  p.  477. 
The  apparent  movement  of  the  central  aperture  is  through  half  the 
angle  and  ai  half  the  rate  of  the  real  movement  of  the  deviating  eye. 
A  little  reflection  on  the  preceding  experiment  will  show  the  truth  of 
this,  as  nearly  as  it  can  be  determined,  and  also  that  when  an  object 
is  fixed  not  far  from  the  middle  line  its  position  is  mentally  referred 
to  the  vertical  plane  which  bisects  the  angle  of  convergence,  and 
which,  as  we  shall  see,  runs  through  a  point  midway  between  and 
slightly  behind  the  centres  of  the  two  eyes.  (See  the  line  yp  in 
fig.  3.) 

After  a  few  attempts  to  touch  the  point  thus  miBcalculated,  the 
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mind  allows  for  the  error,  and  the  attempts  begin  to  succeed.  It  has 
already  been  suggested  that  thousands  of  such  attempts  in  childhood 
contribute  to  the  wonderful  correlation  between  the  muscular  sense  of 
the  eye  and  the  hand  How  perfectly  they  may  by  practice  be  made 
to  co-operate  is  seen  in  a  good  cricketer  or  marksman. 

The  senses  are  there  to  begin  with,  but  the  mental  apprehension  of 
their  import,  both  singly  and  jointly,  seems  to  be  largely  left  to  be 
perfected  by  education.  Indeed,  it  is  known  how  any  sense  itself 
may  be  quickened  by  receiving  a  larger  share  of  psychical  attention, 
or  dulled  by  its  prolonged  abstraction. 

The  human  body  is  thus  made  capable  of  adapting  itself  within 
limits  to  adventitious  circumstances  ;  it  is  not  made,  like  an  ordinary 
loom,  capable  only  when  once  set  of  turning  out  material  of  one  tex- 
ture,— but  it  is  like  a  loom,  if  one  can  be  conceived,  made  with  such 
wonderful  skill  and  forethought  that  it  can  automatically  adapt  itself 
to  the  requirement  of  any  new  material  and  other  altered  circum- 
stances. 

I  find,  on  trying  to  touch  the  central  aperture  with  my  left  hand, 
that  when  the  stop  is  to  the  right,  instead  of  missing  its  mark  to  the 
right  side  of  the  central  aperture  aimed  at,  it  misses  it  to  the  left  side, 
and  when  the  stop  is  in  the  middle  it  misses  it  still  more  to  the  left 
side,  though  its  miscalculation  is  not  very  precise.  Its  muscular  sense 
is  therefore  less  perfect. 

Exp.  4.  On  first  opening  the  eyes  in  the  morning  the  divergence 
is  greater  than  during  the  day;  it  falls  just  after  the  mid-day  meal  and 
perhaps  after  the  others. 

Exp.  5. — When  vision  is  directed  through  either  the  central  aper- 
ture or  the  left  lateral  one  at  an  object  placed  at  different  distances, 
accommodation  is,  of  course,  diminished  in  proportion.  It  will  be 
found  that  the  excluded  eye  moves  outwards  with  each  removal^  and 
inwards  with  each  approach  of  the  point  of  fixation.  This  shows 
how  delicate  is  the  connection  between  the  two  efforts,  since  the 
slightest  difference  in  accommodation  causes  an  alteration  in  the 
degree  of  convergence. 

Exp.  6. — If  convex  glasses  of  increasing  strength  be  placed  in  turn 
before  the  active  eye,  the  blind  area  of  the  obstructed  eye  moves  out- 
wards with  each  increase  in  the  refractive  power  of  the  lens  employed. 
With  concave  glasses,  on  the  other  hand,  it  moves  inwards  with  every 
increase.  This  experiment,  of  course,  differs  only  from  the  last  in 
the  method  employed  ;  which,  indeed,  is  far  less  satisfactory,  owing  to 
the  fallacy  introduced  by  prismatic  action  of  the  lenses,  if  their 
optical  centres  are  not  placed  exactly  in  the  line  of  vision — ^a  pre- 
caution of  great  difficulty. 

Exp.  7. — When  the  box  is  sloped  downwards  from  the  eyes,  I 
have  records  which  show  that  the  deviation  of  the  obstructed  eye  is 
reduced  by  T  or  3°.  I  am  not  quite  satisfied,  however,  with  the 
observations — the  bridge  of  the  nose  almost  obliges  the  box  to  be 
held  at  a  greater  distance.  The  way  to  get  over  the  difficulty  would 
be  to  use  ])risms  with  their  bases  upwards,  which  would  permit  the 
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box  to  be  held  honzontally,  and  yefc  record  the  effect  of  a  downward 
direction  of  the  visual  axes.  The  ordinary  circular  prisms  used  in 
practice  are  not  available  for  this  purpose,  owing  to  the  difficulty  of 
placing  the  centre  of  the  base  exactly  in  the  vertical  line  which  bisects 
the  prism.  A  slight  shift  to  either  side  not  only  reduces  the  vertical 
deflection  of  the  line  of  vision,  but  introduces  a  still  greater  kUeral 
dejf^ton,  which  vitiates  the  result.  Small  prisms  iixed  in  the  visual 
apertures  would  be  most  satisfactory. 

Exp.  8. — [f  the  central  aperture  be  fixed  by  the  left  eye,  with  the 
obstructive  to  the  right,  it  is  possible  to  place  the  right  lateral 
aperture  so  precisely  upon  the  inner  border  of  the  right  blind  area 
that  the  point  of  light  alternately  appears  and  disappears,  showing  an 
evident  tendency  in  the  nerve  centre  to  rhythmic,  or  at  least  irregular 
action.  This  irregularity  furnishes  a  striking  contrast  to  the  fixed- 
ness of  gaze  and  precision  of  movement  in  ordinary  binocular  vision. 
It  devolves  upon  the  supplementary  effort  in  single  binocular  vision 
to  fill  in  these  irregularities  in  the  fluctuating  basis,  besides  meeting 
the  new  and  changeful  requirements  constantly  introduced  in  glancing 
from  point  to  point  It  is  interesting  to  notice  that  i^m  fluctuating 
eflect  in  the  converging  centre  is  connected  with  the  evolution  of  a 
steady  stream  of  nervous  energy  from  the  accommodating  centres.  It 
may  perhaps  bear  some  comparison  with  the  rhythmic  automatism 
which  manifests  itself  in  the  vasomotor  centre  under  the  uniform 
stimulation  of  venous  blood,  as  evidenced  by  Traube's  curves. 

Exp.  9. — With  both  eyes  fixing  the  central  aperture,  and  with  the 
obstructive  in  the  middle,  place  the  right  lateral  aperture  in  the  outer 
part  of  the  blind  area  at  a  definite  number  of  degrees  from  its  inner 
border.  Push  the  obstructive  to  the  right,  and  note  how  long  a  time 
elapses  before  the  hidden  point  comes  into  view,  by  listening  to  a 
clock  pendulum  beating  half-seconds.  As  might  be  expected  from 
Exp.  8,  the  interval  is  a  variable  one.  Thus,  at  one  sitting,  my  right 
eye  was  engaged  from  12^  to  22  seconds  in  rotating  outwards  3^°. 

Exp.  10. — ^Afber  wearing  convex  spectacles  for  some  hours,  I  find 
that  for  a  time  the  relative  divergence  is  diminishexi  (by  the  training 
the  converging  centre  has  undergone  in  the  increased  relative  demand 
made  upon  its  energies).  How  long  this  effect  lasts  I  have  not  been 
able  to  observe. 

Exp.  11. — Measurement  of  the  Blind  Spot, — I  have  found  the 
angular  dimensions  of  the  blind  spot  in  its  horizontal  meridian,  as 
far  as  the  box  measures  it,  very  uniform.  In  nearly  all  cases  it  was 
approximately  G"*.  So  far  as  the  observations  are  worth,  they  go 
therefore  to  confirm  Landolt's  estimate  of  G"",  rather  than  Helmholti^s 
of  nearly  7**  (6°  56').^  The  method  they  both  employed  was  that  of 
moving  a  pencil  on  a  piece  of  paper  till  the  point  becimie  lost  to  view. 
With  one  who  has  thoroughly  practised  indirect  vision  this  suffices, 
but  for  others  it  is  very  uncertain.  Thus  Helmholtz  says :  "  I  have 
even  seen  men  of  education  and  information— doctors,  e,g. — not  able 

^  It  must  be  remembered,   however,  that  any  error  of  the  box  from  not 
measuring  the  exact  horizontal  meridian  tends  to  give  too  small  a  result 
VOIi,  XX.  2  I 
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to  prove  the  disappearance  of  small  objects  on  the  blind  spot"^ 
Hanover  and  Thomson,  in  22  eyes  (quoted  by  Helmholtz),  found 
the  breadth  to  vary  tern  ^  39'  to  9**  47'.  I  believe  cases  of  less 
than  5*"  or  more  than  7^  will  be  found  exceedingly  lara  In  taking 
measurements^  the  stop  should  be  either  in  the  middle  or  to  the 
opposite  side  of  the  eye  under  examination.  I  believe  it  is  better  to 
start  with  the  point  hidden,  and  let  the  observer  exclaim  at  its  first 
appearance  at  either  border,  rather  than  to  note  its  disappearance, 
though  the  two  may  check  each  other. 

A  point  of  light  is  peculiarly  fitted  for  the  purpose,  owing  to  the 
comparatively  great  sui^ptibility  of  the  peripheral  parts  of  the  retina 
to  light  Brewster^  stated  that  astronomers,  when  they  cannot  see  a 
minute  star  by  looking  directly  at  it,  may  often  bring  it  into  view  by 
looking  somewhat  away  from  it  Landolt,^  however,  finds  '^  the  per- 
ception of  light  remains  almost  exactly  the  same  throughout  the  whole 
extent  of  the  retina."  He  instances  that  in  his  right  eye  the  percep- 
tion of  light  at  a  part  30°  from  the  centre  remains  the  same,  while  the 
visual  acuteness  is  reduced  to  ^ ;  but  certainly,  in  my  own  eyes,  the 
point  of  light  appears  to  be  more  easily  discerned  on  its  emeigence 
from  the  inner  (macular)  border  of  the  blind  area  than  from  the  outer 
border — ^it  may  not  be  so  with  others.  Clinically,  the  measurement 
of  the  blind  spot  may  be  useful,  both  to  determine  the  increase  of  the 
posterior  staphyloma  of  progressive  myopia  and  to  trace  the  progress 
and  decline  of  such  afifections  as  optic  neuritis,  in  which  the  adjacent 
retina  loses  its  perception  awhile  by  iufUtration. 

A  disadvantage  is,  that  in  the  original  instrument  the  two  lateral 
apertures  are  not  upon  the  same  level,  and  therefore  one  of  them  (the 
highest)  measures  the  blind  spot  above  its  horizontal  diameter,  and 
gives  a  uniformly  smaller  and  fallacious  record.  This  may  be  rectified 
by  using,  instead  of  slides,  two  flexible  ribbons  arranged  circularly, 
80  as  to  have  the  lateral  apertures  on  the  same  level 

It  is  well  to  have  the  point  coloured  blue,  since  the  peripheral  parts 
of  the  retina  perceive  this  colour  most  readily.  If  we  assume  that 
an  angle  of  4%  with  its  apex  at  the  optical  centre  of  a  normal  eye, 
subtends  1  mm.  of  the  retina,  then  6°  would  subtend  1^  muL; 
showing  the  close  coincidence  between  the  anatomical  and  physio- 
logical dimensions  of  the  disc.  The  angular  distance  between  the  visual 
axis  and  the  border  of  the  blind  area  I  have  not  found  so  uniform  as 
the  breadth  of  the  blind  spot  Landolt  and  Dobrowolsky  found  the 
interval  greater  in  hypermetropes  and  smaller  in  myopes.^  It  would 
be  well  to  confirm  this  by  the  camera. 

^  Optique  Physiologiquei  p.  735. 
'**  Brewster  on  Stereoscope,  1856,  p.  44. 

'  Landolt,    on   Examination  of  the  Eyes  (translated  by  Dr  Burnett,   1879, 
PhUadelphia),  p.  214. 
*  £xaminalU»iqfthcEt/es,  Landolt,  1879,  p.  216.  .;  .. 
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III.  The  Direa  Method. 

This  method  is  far  more  oeeful  clinically,  aud  nob  less  inter- 
esting phyBiologically.  The  eye  is  not  placed  in  the  dark,  nor  is 
the  blind  spot  made  use  of.  It  depends  upon  the  fact,  that  when 
each  eye  receives  a  single  image  opoa  ite  median  vertical 
meridiau,  from  whatever  points  they  are  thrown,  the  two  are 
mentally  referred  to  the  same  vertical  line. 

Exp.  12. — Place  the  left  aperture  out  of  sight  and  the  obstructive  to 
the  right ;  the  ofaeerrei  then  bccs 
tlio  ceatral  and  the  right  lateral 
apertures.    As  he  looks,  they  sp-  , 
poar  to  approach.    The  right  slide  j 
ia  then  pushed  inwards  till  they 
seem  to  lie  in  the  same  verticu 
lino.     The  process  is  now  com- 
plete; it  will   be  found  that  a 
real   interval   separates    the   ap- 
parently superimposed  apertures. 
This    interval  expresses   in  de- 
grees the  relative  divergMice  of  Fio.3B.-llluBt™tMtb8"Uir«:tmetLoa." 
the    eyes,    for    one    visual    axis       The   apertures    appear    anpetimpcweil 
passes  through  one  aperture,  while      thonfili  really  Repfttated  by  the  dflvi(l^ 
the  second   lies  either  above  or       in«»iigIeoriheeye. 
below  the  other.     I  have  found  this  method  quite  easy  in  a  child  of 
six.1     In  comparing  its  results  with  those  obtained  by  the  blind  spot 
method,  £  found  that  they  coincided,  showiiig  that  the  mere  addi- 
tional pi'csence  of  an  image  upon  the  retina  does  not  affect  the  con- 
vergence and  accommodation,  so  long  as  the  deelre  to  unite  double 
images  is  elimiuated.     In  the  blind  ipot  method  there  is  an  image  in 
one  eye,  in  the  macular  method  in  holh.     Its  explanation  is  simple. 
Since  the  view  of  the  right  point  by  the  left  eye  is  intercepted  by  the 
median  partition,  and  that  of  the  central  aperture  by  the  right  eye  is 
cut  off  by  the  obstructive,  each  eye  sees  only  one  point,  and  that  a 
difierent  one,  as  shown  in  fig.  3  b.     From  the  luituie  of  the  curve  at 
the  base  of  the  camera,  accommodation  is  required  from  each  eye  in 
equal  amount  (or  practically  so).     If  now  the  brain  relationship  were 
complete,  when  attention  is  directed  to  one  aperture,  say  the  central 
one,  both  visual  axes  would  converge  toward  it,  while  the  image  of  the 
right  point  would  fall  to  the  imter  side  of  the  macula  of  the  right  eye, 
and  would  be  correctly  referred  outiBanh  to  ite  real  position  in  space. 
This,  in  fact,  does  continue  momentarily,  when  first  the  points  are  looked 
atk     As  soon,  however,  ss  relative  divergence  commencee,  and  the 
right  eye  deviates  outwards,  the  image  of  the  right  point  approaches 

'  It  U  nanvenient  for  cbildnn  to  remove  altogether  the  little  wooden  didea 
beiiiu)E  the  viinutl  apertures. 
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tlm  macula,  or,  more  correctly,  the  macula  ^tproaches  ihe  image,  for 
it  is  the  ej-e  which  moves  and  oot  the  point    While  this  is  going  on, 
the  two  stationaty  apertores 
I  appear  to  he  getting  nearer  to 
each  other,    for   Uio   cerebral 
I  centres  are  unconscious  of  Uie 
divergence,     and      inake     no 
allowance  for  it     The  images 
do  not  kppear  to  nuti  com- 
pletely until  each  &lls  upon 
the  median  vertical  meridian 
I  of  its  eye.     It  is  well  to  begin 
the  experiment  with  the  apor- 
I  tnres  at  some  distance  from 
I   each  other,  and  after  allow- 
ing a  short  time  for  them  to 
'   approach  naturally  as  far  as 
I    they  will,  to  push   the  right 
I   slide   inwards,    and    let    the 
,   obeervet  say  when  they  com*; 
into  the  same  vertical  Une.    In 
this  port  of  the   process  the 
f  ei/e  remains  etationaiy  while 
the  itnage  w  moved,  on  to  itti 
median  vertical  meridian. 
The    dialogue    would    be 
something  like  this : — 

Q.  "What  do  you  see  t—^.  Two  bits  of  light 
Q.  How  far  apart  1 — A.  An  inch  or  two, 

Q.  What  happensT  (puahing  on  the  right  alide  slowly). — A.  The 
right  one  is  moving  to  the  left 

Q.  Say  when  they  are  quite  together,  that  is,  when  the  right  point 
comes  to  be  exaaly  helovi  the  left — A.  Now  ! 

This  concludes  the  obsei'vation.  The  real  interval  between  the  two 
points,  automatically  recorded  by  the  graduated  scale  at  the  base  of 
the  box,  has  only  to  bo  read  off  to  ^ve  in  degrees  the  relative  diverg- 
ence of  the  eyes.  This  method  dispenses  with  the  use  of  prisms  and 
the  fallacies  which  attend  them  ;  it  saves  the  trouble  of  special 
measurement,  and  gives  an  angular  instead  of  a  linear  record,  which  is 
therefore  always  ready  for  compariaon.  It  is  equally  available  by 
daylight  or  artificial  light 

Bat  the  best  practical  evidence  of  its  efBciency  is  afforded  by 
the  ease  with  which  it  reveals  the  pkysiologkai  pievalence  of 
relative  divergence  in  near  vieioD,  while  the  ordinary  methods 
have  only  hitherto  detected  the  grosaor  paihological  exceptions. 
I  may  Dot  be  acquainted  with  all  of  them,  and  therefore  cannot 

-Ucate  the  reasons  of  their  failure,  bat  I  think  I  cao  suggest 
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what  they  are  in  You  Graefe's  weil-kDown  test,  which  when 
carried  oat  as  usually  directed,  does  not  reveal  the  slightest 
relative  divergence  in  my  own  eyes,  though,  as  we  have  seen» 
5°  really  exists  on  exclusion.  I  have  not  had  access  to  Yon 
Oraefe's  own  directions.  I  may  quote  those  in  Mr  Carter's 
valuable  treatise  on  Defects  of  Vision,  as  1  followed  them :— - 

''  In  this  more  delicate  test  the  object  of  vision  is  a  small  black  dot, 
bisected  by  a  vertical  line.  A  card  thus  marked  is  fixed  in  the 
median  line  at  a  distance  of  8  or  10  inches  from  the  eyes,  and  the 
patient  is  directed  to  look  at  it  steadily.  A  prism  of  ten  or  twelve 
degrees,  with  its  base  either  upwards  or  downwards,  is  then  placed 
before  the  eye ;  and  as  the  power  of  the  superior  or  inferior  rectus  to 
overcome  double  vision  is  very  limited,  this  prism  necessarily  produces 
a  vertical  diplopia.  The  patient  will  therefore  see  two  dots,  one  above 
the  other.  If  the  original  convergence  for  the  object  is  accurately 
maintained,  the  duplication  of  the  vertical  line  will  only  cause  it  to 
appear  elongated,  and  the  two  dots  will  be  seen  one  aboye  the  other 
on  the  same  line.  If,  on  the  contrary,  the  convergence  be  not  main- 
tained, the  patient  will  see  two  lines  with  a  dot  upon  each ;  and  when 
the  diplopia  is  a  consequence  of  relative  divergence  of  the  optic  axes, 
the  double  images  will  be  crossed,  and  the  extent  of  the  divergence 
\vill  determine  the  distance  between  them." 

On  carrying  out  these  instructions  the  dot  truly  duplicates  and 
the  line  elongates,  but  that  is  alL  The  line  still  continues  single* 
The  reason  of  this  becomes  evident  when  the  further  step  is 
'  taken  of  covering  one  eye  for  a  short  time ;  on  again  uncovering 
it,  two  lines  appear,  separated  by  a  considerable  interval,  but 
they  quickly  run  together  again.  This  shows  that  the  desire  for 
fusion,  though  doubtless  loeaJcened,  is  not  removed  altogether,  for 
the  overlapping  portions  of  the  two  linear  images  are  sufficient 
to  excite  it  We  shall  see  that  images  need  not  be  similar  in 
shape  to  excite  an  efifort  to  unite  them.  Indeed,  in  ordinary 
vision  the  two  pictures,  as  illustrated  by  the  stereoscope,  are 
slightly  dissimilar  except  when  the  objects  viewed  are  at  a 
practically  infinite  distance.  But  I  find  if  the  upper  part  of  the 
line  be  drawn  very  wavy,  and  the  lower  part  straight,  so  that  in 
the  experiment  the  wavy  portion  overlaps  the  straight  portion, 
there  appears  to  be  no  attempt  to  unite  them,  though  even  then 
would  not  be  quite  sure  that  there  is  not  a  faint  effort  to  keep 
them  nearer  to  eaoh  other  than  they  would  otherwise  be. 

The  fallacy  may  also  be  demonstrated  in  another  way  without 
temporary  exclusion  of  either  eye,  by  simply  holding  the  line  at 
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first  horizontally  (with  the  prism  as  before)  and*  then  quickly 
returning  it  to  the  vertical  position;  the  two  images  for  a 
moment  or  longer  are  quite  separate,  and  hesitate  a  little  before 
they  run  together. 

''  Why  then/'  it  may  be  asked,  '*  if  the  test  does  not  eliminate 
the  fusion  effort,  does  it  ever  reveal  relative  divergence  ? "  It  does 
so  because,  though  it  does  not,  like  the  camera,  remove  the  desire 
for  single  vision,  yet  it  lessens  it  to  such  an  extent  that  it 
becomes  inadequate  to  the  demands  made  upon  it  in  certain 
pathological  conditions.  The  test  weakens  the  desire  for  single 
vision,  not  only  by  the  effect  on  one  of  the  images  of  the  slight 
light-absorbing  (especially  when  the  prism  is  not  perfectly  clean 
and  free  from  moisture)  and  chromatic  properties  of  the  prism, 
but  also  by  shortemng  the  linear  extent  of  the  overlapping  por- 
tions of  the  two  images  of  the  line.  It  would  therefore  detect 
relative  divergence  in  such  conditions  as  (I)  those  probably  very 
rare  cases  in  which  the  normal  desire  for  fusion  is  defective. 
By  lessening  the  desire  still  further  it  might  be  rendered  incap- 
able of  rousing  a  sufficient "  supplementary  "  converging  effort. 
(2)  Where  the  mechanical  difficulties  which  attend  convergence 
are  so  great  that  no  effort  can  overcome  them  unless  prompted 
by  a  strong  fusion  stimulus,  as  in  some  extreme  cases  of  myopia, 
or  where  there  is  weakness  of  the  internal  recti  or  functional 
disability  in  their  innervation.  (3)  Where  almost  the  whole  of 
the  required  convergence  devolves  on  the  fusion  effort. 

In  all  cases  of  myopia  a  larger  share  falls  to  the  fusion  effort 
than  in  the  normal  eye,  because  there  is  less  demand  for  the 
effort  of  accommodation  in  looking  at  any  point,  and  therefore 
the  degree  of  convergence  due  to  central  association  is  correspond- 
ingly small.  The  smaller  it  is,  the  more  work  it  leaves  for  the 
fusion  effort,  so  that, "  cdBteris  paribus,"  the  greater  the  refractive 
anomaly  the  larger  is  the  required  proportion  of  supplementary 
or  fusion  effort 

A  great  effort  needs  a  great  stimulus.  The  latter  is  so  weak- 
ened by  the  prism  that,  while  still  adequate  for  the  requirements 
of  normal  refraction,  it  may  be  inadequate  for  those  of  high 
myopia,  in  which,  moreover,  mechanical  difficulties  almost 
always  exist  as  well  from  the  altered  shape  of  the  globe. 

To  make  the  test  of  any  relative  value  even  in  these  cases. 
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care  must  be  taken  to  make  the  line  of  always  the  same  length, 
or  if  not,  to  adjust  its  distance  from  the  eyes  in  proportion ;  so 
that  the  redaplicated  portion  of  the  line  may  always  be  of  the 
same  length,  and  thus  ensure  unifonn  diminution  of  the  desire 
for  fusion,  otherwise  the  test  might  at  one  time  detect  an  insuffi- 
ciency and  at  another  time  not  Moreover,  the  line  which  joins 
the  apex  and  base  of  the  prism  must  be  exactly  at  right  angles  to 
the  line  uniting  the  centres  of  the  two  eyes  (intercentral  line) ; 
otherwise,  though  the  lines  continue  parallel,  their  very  opposi- 
tion would  only  prove  that  convergence  is  not  complete — if  it 
were  so,  the  lines  would  be  separated  by  an  interval  determined  by 
the  strength  and  degree  of  rotation  of  the  prism.  Even  when 
the  Tprism  is  held  correctly,  if  the  line  looked  at  is  not  also  held 
exactly  at  right  angles  to  the  intercentral  line  another  fallacy 
ensues,  for  the  linear  images,  though  still  parallel  are  oblique, 
so  that  coincidence  of  their  overlapping  portions,  instead  of  show- 
ing convergence  to  be  complete,  can  only  take  place  when  it  is 
incomplete,  for  were  it  complete  an  interval  would  separate 
them,  varying  as  before  with  the  degree  of  rotation  of  the  card. 

These  difficulties,  I  would  suggest,  may  be  overcome  by  the 
use  of  a  doiible  prism  composed  of  two  prisms,  each  of  2"*,  fused 
together  by  their  bases^  (see  fig.  5).  The  patient,  shuttiug  the 
left  eye,  holds  this  prism  before  the  right  one,  and  looks  through 
it  at  a  card  marked  with  a  single  dot  or  short  line.  Two  false 
images  appear,  one  2°  above  and  the  other  2°  below  the  real 
position  of  the  dot,  and  both  are  seen  by  the  right  eye.  It  is 
easy  for  the  patient  to  hold  the  prism  so  that  the  two  images 
appear  in  the  same  vertical  line,  and  then  when  the  left  eye  is 
opened  as  well  to  say  whether  the  real  image  of  the  dot  lies  to 
the  right  or  left  of  this  line.  Even  if  the  first  two  are  not  held 
vertically,  if  all  three  images  are  in  one  straight  line  it  shows 
that  convergence  is  complete.  If  the  central  one  lies  to  the 
right  of  tha  line,  uniting  the  other  two,  there  is  relative 
divergence ;  if  to  the  left,  there  is  relative  convergence. 

Simple  as  this  expedient  is,  and  though  it  yields  the  same 
result  as  the  camera,  it  is  inferior  to  the  use  of  the  latter  by  the 

'  In  reality,  of  coarse,  it  is  a  dngle  prism  of  176**  though  double  in  its  use, 
since  three  faces  are  used  instead  of  two.  The  large  face  (or  base)  should  be 
towards  the  eye,  the  two  smaller  faces  towards  the  object. 
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direct  method.  The  camera  ensnrcs  nnitonnity  in  the  distanca 
of  the  object  from  the  eyes  withont  the  trouble  of  measorement ; 
it  Deeds  leu  intelligeoce  in  the  patient,  aod  gives  an  automatic 
angnlar  record.  The  double  prism,  however,  would  I  think  be 
fonnd   naefnl   for   rough   analysis   at  greater   distances.     The 


Fin.  6. — Side  tuw  of  the  right  eye  and  the  double  prinn.     Ths  false  images  E^rti 
bj  the  right  9ja  are  dotted.    The  central  one  ia  Been  by  the  left  eye. 

radical  difference  between  Von  Graefe's  test  and  the  camera  ii 
that  iD  the  tatter  a  separate  object  is  used  for  each  ey0,  while  in 
the  former  the  satne  object  is  reduplicated  by  a  prism.  The 
camera  also  not  only  reduces  the  desire  for  single  vision,  bat 
aholiahes  it  altogether  when  the  lower  of  the  two  lateral  apertntes 


Fio.  6. — To  illustrate  how  relative  divetgenca  ia  meaaured  by  the  double  priaiu. 
A  is  the  only  device  on  the  card,  and  is  seeu  by  tlio  leR  ef  e  ;  B  and  C 
are  false  images  of  it,  and  are  seen  by  the  right  eye.  In  this  inalAUce  5°  oT 
deviation  arc  seen  recorded.  If  the  two  lowest  arrows  are  mode  continuaus  by 
rotating  the  prism,  the  middle  one  i>oints  to  ticice  the  divcrjfoiico,  for  as  C 
moved  to  the  right,  B  moves  equally  to  the  left,  A  of  course  remaining 
stationary.  The  arrows  would  all  but  touch  the  lines  above  them  when 
the  card  is  held  at  tlie  appropriate  distance  of  10  inches. 

is  used  io  coDJunction  with  the  central  ono,  so  that  tiie  eye 
takes  a  position  determined  solely  by  the  converging  efTort  whicli 
is  associated  with  the  accommodation. 
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If  when,  in  the  "  direct  method/'  the  two  images  are  in  the 
same  vertical  line,  as  in  Gg.  3  B,  an  effort  be  made  from  outside  to 
place  the  finger  on  them,  it  will  miss  both,  for  it  will  be  just 
half-way  between  the  two  actual  apertures,  which,  though  they 
appear  superimposed,  are,  as  we  have  seen,  really  separated  by 
an  interval  of  nearly  an  inch,  so  that  the  vertical  plane  in  which 
the  two  images  appear  to  lie  is  that  winch  bisects  the  angle  of 
convergence,  as  represented  in  fig.  4.  At  present  we  have  only 
to  do  with  movements  of  the  eye  in  the  horizontal  plane,  and 
with  the  head  stationary.  The  conveiging  apparatus  appears  to 
be  solely  connected  with  the  union  of  double  images  and  the 
estimation  of  distance.  With  the  relative  position  of  points 
along  the  horizontal  meridian  of  the  field  of  vision  it  has 
nothing  to  do.    This  must  be  determined  entirely  by— 

(1)  The  part  of  the  retina  on  which  images  fall 

(2)  The  innervation  which  turns  both  eyes  to  the  right  or 
left 

As  regards  the  first  indication,  since  each  image  falls  on  the 
median  vertical  meridian  of  its  eye,  the  effect  is  the  same  as 
though  they  were  both  thrown  from  one  vertical  line,  for  which 
convergence  were  complete;  and,  since  the  relaxation  of  the 
converging  effort  is  not  taken  into  account,  there  is  no  reason 
why  the  images  should  not  be  referred  to  the  median  plane,  for 
there  is  nothing  so  far  to  give  any  preponderance  in  favour  of 
either  sida 

As  regards  the  aecand  indication,  however,  as  seen  in  fig.  3, 
while  convergence  occurs  to  the  left-hand  cross,  both  axes 
are  directed  to  the  right-hand  cross  by  the  ranging  innervation 
of  which  the  mind  does  take  cognisance.  Now,  the  inclination 
of  the  plane  which  bisects  the  angle  of  convergence,  to  the  median 
plane,  exactly  represents  the  angular  effect  of  the  ranging 
energy  which  is  in  exercise — ^hence  the  images  are  referred  to 
this  line.  It  is  now  easy  to  observe  the  fluctuations  in  the 
stream  of  nervous  energy  noticed  with  the  blind  spot  method 
on  p.  487,  for  one  point  continues  to  make  tiny  excursions  to 
the  right  and  left  of  the  other,  though  without  any  regular 
rhythm.  This  makes  it  useless  to  take  very  exact  records  in 
minutes  and  seconds.  It  is  also  clear  that  a  more  accurate 
method  is  scarcely  to  be  desired,  since  it  would  only  magnify 
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these  irregularities.  Care  must  be  taken  that  the  difference  in 
level  of  the  two  apertures  is  enough  to  avoid  continued  effort  to 
unite  them.  It  is  remarkable  that,  when  their  vertical  separa- 
tion is  only  dighily  Toore  than  enough  to  prevent  optical  union, 
a  tendency  may  he  noticed  for  them  to  keep  near  the  same  vertical 
line.  Even  when  one  is  pushed  a  little  way  to  the  right  or 
left  the  other  is  apt  to  follow  it,  and  this  in  spite  of  their 
dissimilar  shape.  It  is  even  noticeable  when  the  apertures  are 
coloured  differently ;  but  disappears  very  rapidly  with  increasing 
vertical  separation  of  the  two  points,  and  is  not  in  my  own 
eyes  detected  in  the  slightest  degree  when  the  loioe^  of  the- 
two  lateral  apertures  is  the  one  employed,  in  conjunction  with 
the  central  one,  which  is,  of  course,  the  highest  of  the  three, 
being  separated  from  the  lowest  movable  point  by  an  angle 
of  2^""  (from  the  eyes),  and  from  the  highest  point  by  slightly 
less  than  1^  in  the  camera  with  which  I  experimented.  This 
latter  interval  is  one  which  can  be  overcome  at  times  by  the 
superior  or  inferior  rectus  in  order  to  satisfy  the  desire  for 
fusion,  especially  when  the  eye  has  succeeded  a  few  times,  and 
acquired  the  facility.  After  allowing  it  to  do  this  for  a  time, 
the  following  experiment  may  be  made : — 

Exp.  13. — Place  the  stop  to  the  left.  Let  the  left  aperture  be  as 
before  entirely  occluded,  and  the  right  one  be  placed  3"  or  4°  away 
from  the  central  aperture.  Look  through  the  camera  thus  for  about 
a  minute,  during  which  interval  the  right  eye  sees  both  the  images, 
and  the  left  luither,  so  that  the  latter  is  deviating  outwards. 

Now,  push  the  stop  from  the  left  to  the  right  This  proceeding 
Iranafei^s  the  view  of  the  central  aperture  from  the  right  eye  to  the 
left  one,  which,  being  deviated  5°,  miscalculates  its  position,  and 
refers  it  to  the  right  of  the  other  point  stiU  seen  by  the  right  eye. 
The  two  points  thus  separated  now  by  a  small  interval  run  together, 
though  to  do  80  it  is  clear  the  relative  divergence  is  diminished  by  a 
slight  converging  effort.  If  to  start  with  the  right  lateral  point  is 
placed  G"*  away  from  the  central  one  instead  of  4**  when  the  experi* 
ment  is  repeated,  though  the  points  appear  separated  by  the  same 
interval  as  before  yet  their  position  is  of  com*se  reversed ;  yet  they  still 
run  together.  In  this  case  the  relative  divergence  is  increased  to 
meet  the  desire  for  fusion,  instead  of  being  diminished.  Whether 
this  is  brought  about  by  inhibition  of  the  centres  for  the  internal 
recti,  or  by  antagonism  of  the  external,  remains  yet  to  be  found  out. 

Exp,  14. — Were  the  right  lateral  aperture,  to  start  with,  placed 
5"*  away  from  the  centre,  and  the  last  experiment  repeated  with  the 
stop  to  the  left,  the  two  points  would  appear  separated  by  nearly  an 
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inch,  and  with  the  stop  to  the  right  they  would  appear  in  the  same 
vertical  line.  This  enables  the  ob^rvation  of  a  patient  by  the  '^  direct 
method  "  to  be  easily  confirmed,  for  all  that  is  needed  after  taking  the 
observation  to  ensare  that  fusion  effort  is  eliminated,  is  to  push  the 
stop  back  to  the  right,  and  again  to  the  left,  to  see  whether  the  point 
at  its  first  reappearance  occupies  the  same  position  as  before. 

Exp.  15. — Use  the  highest  lateral  aperture  on  th^  right  side,  and 
with  the  stop  to  the  right,  move  it  till  it  meets  and  appears  to 
fuse  with  the  image  of  the  central  aperture.  After  fusion,  push  the 
right  brass  slide  inwards  slowly  and  steadily,  and  it  will  be  found  that 
the  two  blended  images  move  to  the  left  together,  for  the  one  which 
really  moves  carries  the  other  with  it  to  preserve  fusion,  and  this  goes 
on  until  the  moving  aperture  travels  right  up  to  the  central  one, 
or  at  least  as  near  to  it  as  the  construction  of  the  box  will  permit, 
so  that  even  ^\^  fahe  fusion  has  sufficient  power  to  undo  the  whole  of 
the  relative  divergence. 

If  on  the  other  hand  the  brass  slide  with  the  movable  point  it 
bears  is  drawn  ouhoardsy  resolution  of  the  two  images  does  not  occur 
till  the  points  themselves  are  really  separated  by  10**.  The  desire  to 
continue  the  false  fusion  is  thus  strong  enough  to  double  the  previous 
divergence.  Albeit  the  experiment  makes  the  eyes  water  and  feel  un- 
comfortable. Whether  this  discomfort  is  due  to  peripheral  antagonism 
of  two  sets  of  muscles,  the  external  recti  and  the  internal,  I  cannot 
tell ;  or  whether  it  is  due  to  a  central  struggle  to  overcome  by  inhibi- 
tion a  nervous  connection  probably  never  before  invaded  to  that 
extent.  Perhaps  if  the  two  points  were  on  the  same  level  the  attain- 
able divergence  might  be  still  greater.  As  it  is,  the  deviation  of  10° 
brings  the  eyes  to  within  4°  of  parallelism.  This  false  fusion  is  of  the 
same  nature  as  that  described  by  Sir  D.  Brewster,  when,  in  looking  at 
a  patterned  wall  it  is  possible  to  converge  the  eyes  for  a  point  so  far 
behind,  or  in  front  of  the  wall,  that  fusion  of  the  laterally  adjacent 
patterns  takes  place.  The  strength  of  the  effort  put  forth  to  maintain 
accomplished  fusion  is  much  greater  than  that  instigated  by  the  desire 
to  unite  the  two  images  when  they  are  separated  to  begin  with.  The 
relative  divergence  attainable  by  the  present  experiment  is  much 
greater  than,  and  must  not  be  confused  with,  that  attainable  by  the 
effort  to  overcome  a  prism,  for  in  the  latter  case  the  two  images  are 
separated  to  begin  with  by  the  act  of  placing  the  prism  before  the  eye. 
It  may  be  deduced  from  what  has  preceded  that,  when  the  brass  slide 
bearing  the  right  luminous  point  is  drawn  outwards  or  pushed  inwards, 
the  fused  images  appear  to  follow  at  half  the  rate.  But  if  they  are 
iiot  fused  only  one  of  them  appears  to  move,  and  that  at  a  rate  equal 
to  that  at  which  the  slide  travels ;  the  difference  being  that  in  the 
latter  case  both  eyes  are  stationary,  whereas  in  the  former,  while  the 
left  eye  remains  fixed  the  right  one  moves  at  the  same  rate  as  does  the 
brass  slide  which  bears  the  point  of  light  it  perceives.  If  the  slide  is 
moved  jerkily  slight  momentary  separations  of  the  images  result.  If 
the  effort  to  maintain  false  fusion  be  so  strong,  probably  that  to 
maintain  true  fusion  is  greater  still.  To  measure  it  a  camera  should 
be  used  with  two  apertures  at  the  same  level,  or  else  with  a  prism  let 
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into  one  of  the  small  wooden  slides  before  the  eyes  to  just  rectify  the 
difference  in  level.  It  is  the  effort  to  maintain  existing  fusion  which 
is  tested  by  the  common  practice  of  approaching  a  finger  to  the  eyes 
till  one  of  them  roUs  out,  though  in  this  test  wMmimodation  increases 
at  the  same  time,  while  in  the  camera  accommodation  is  unchanged. 
I  may  note  in  passing  that  in  my  own  eyes  the  nearest  point  of  single 
vision  by  the  finger  test  is  closer  to  them  jthan  that  of  distinct  vision, 
which  illustrates  a  fact  almost  self-evident,  that  the  relative  divergence 
which  occurs  on  the  exclusiou  of  one  eye  does  not  indicate  deficiency 
in  the  converging  function  itself,  but  only  in  the  link  which  connects 
it  with  accommodation.  Accommodation  assists  convergence,  and 
convergence  accommodation,  but  they  do  so  only  through  the  central 
link  which  connects  the  two  efforts,  and  enables  one  to  influence 
the  other.  The  slighter  the  link  the  less  the  effect  one  has  on  the 
other — but  that  has  nothing  to  do  with  the  individual  strength  of 
either. 

Bonders  has  shown  that  hypermetropes  fix  more  easily  when  they 
look  through  prisms  which  make  them  converge  more  strongly.  Is 
this  because  the  converging  effort  assists  that  of  accommodation  by 
means  of  the  central  link  between  them}  Apart  from  any  pathological 
affection  of  either  centre  it  is  reasonable  to  suppose,  since  the  sympathy 
is  mutual,  that  if  accommodation  exerts  only  a  weak  influence  on  con- 
vergence, convergence  will  have  a  correspondingly  weak  influence  on 
accommodation ;  a  unit  of  either  will  contribute  less  than  usual  to  the 
other. 

It'  this  be  so,  relative  divergence,  as  revealed  by  the  camera,  since  it 
indicates  imperfection  in  the  channel  of  mutual  assistance,  would 
lessen  the  advantage  of  the  pnsms  above  mentioned — though  it  would 
remove  in  their  use  all  fear  of  their  causing  squint  But  this  is 
tlieory  and  needs  practical  confirmation. 

A  little  confusion  has  arisen  from  the  incorrect  supposition  that  the 
a'nmgUi  of  the  internal  recti  is  tested  by  prisms  base  outwards,  and 
the  ability  to  overcome  them  ;  whereas  it  is  the  conditions  of  the  con- 
verging reflex  as  a  whole  which  are  thus  estimated,  including  the 
existing  intensity  and  activity  of  the  desire  for  single  vision.  This 
is  clear  from  the  fact  that  when  both  eyes  are  directed  to  the 
right  or  left  the  contraction  of  the  internal  rectus  may  be  greater  than 
can  possibly  be  attained  by  converging  effort,  the  innervation  called 
into  play  being  a  different  one.  Inability  to  overcome  such  prisms  of 
high  power  might  of  course  be  due  only  to  weakness  of  muscles,  but 
in  that  case  the  ranging  and  converging  movements  would  be  equally 
impaired.  Moreover,  since  accommodation  remains  unchanged,  such 
prisms  only  indicate  the  limits  of  attainable  relative  divergence 
or  convergence,  which  depend  largely  on  the  strength  of  the 
central  nervous  connection  between  convergence  and  accommodation. 
Approaching  the  finger  to  the  eyes  till  one  rolls  outward  is  another 
method  of  testing  the  strength  of  converging  effort,  though  still  it  is 
not  the  efliciency  of  the  internal  recti  only  that  is  indicated,  but  of  the 
whole  converging  sensory-motor  apparatus — afferent,  central  efferent, 
muscular,  and  medhanical.    Strength  of  fusion  effort  is  also  influenced 
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by  the  nature  and  doubtless  by  the  size  and  number  of  the  images  to 
be  fused,  as  well  as  by  the  amount  of  attention  directed  to  them. 

Exp.  16. — ^There  are  some  cases  of  strabismus,  especially  of  the 
divergent  kind,  in  which,  as  Bonders  has  pointed  out,  the  mind  be- 
comes conscious  of  the  direction  of  each  eye.  ^  Such  a  person  can  cor- 
rectly calculate  the  position  of  any  object  seen  by  either  eye,  and, 
indeed,  employs  one  or  the  other  just  as  convenience  requires,  being 
able  to  distinguish  very  readily  which  he  is  using  for  observation. 

In  testing  a  case  of  slight  external  strabismus  with  the  camera,  one 
would  lightly  expect  to  iind  that  when  the  two  images  by  the  direct 
method  are  in  the  same  vertical  line  there  would  be  a  very  great 
interval  between  the  actual  apertures.  This  would  be  so  in  recent 
cases,  or  any  in  which  one  eye  is  disused  in  ordinary  vision,  for 
however  much  deviation  might  really  exist,  the  images  on  both 
maculsB  would  still  be  mentally  referred  to  the  same  vertical  line. 

But  in  cases  like  those  mentioned  by  Bonders  the  fact  is  that  the 
eyes  correctly  estimate  the  distance  between  the  two  apertures,  so  that 
the  images  do  not  appear  superimposed  at  all,  unless  the  apertures 
themselves  are  made  so,  which  the  construction  of  the  camera  does  not 
quite  admit  The  axis  of  the  deviated  eye  does  not  follow  the  moving 
point  of  light,  but  correctly  estimates  its  position  as  its  image  travels 
along  the  retina.  An  instance  of  this  rather  puzzling  anomaly  was 
tf sted  with  a  camera  by  Br  Joseph  Bolton.  The  "  direct  method  "  is 
useless  for  such  cases,  and  will  not  detect  even  any  deviation,  being 
like  the  usual  prismatic  ones  too  subjective;  but  the  "blind  spot 
method  "  enables  the  exact  position  of  either  eye  to  be  noted.  A 
careful  examinati6n  of  a  few  of  these  cases  might  yield  interesting 
results.  All  that  is  necessary  to  discover  them  is  to  try  the  two 
methods  and  see  whether  their  records  differ. 

Exp.  17. — When  the  two  images  in  the  "  direct  method"  are  looked 
at  for  some  time  with  a  dim  illumination  they  may  be  observed  to 
alternately  disappear  altogether.  This  favours  the  current  view  that 
the  part  played  in  vision  by  the  visual  apparatus  pf  the  two  eyes  alter- 
nates in  intensity  ;  as  each  in  turn  becomes  tired,  the  other  gives  it  a 
rest. 

Exp.  18. — While  looking  at  the  two  images  by  the  "direct  method" 
shut  the  right  eye ;  the  image  seen  by  it  moves  upwards  and  to  the 
left,  showing  the  eye  itself  has  moved  downwards  and  to  the  right 
Whyl 

Exp.  19. — ^To  ascertain  the  rate  of  the  deviation  of  an  excluded  eye. 
With  the  stop  to  the  right,  and  the  right  luminous  point  a  consider- 
able distance  from  the  centre,  look  through  the  camera  till  convinced 
that  no  more  deviation  will  occur.  Move  the  right  point  inwards  till 
its  image  seems  just  below  the  other,  and  leave  it  in  poBttum,  After  a 
timed  interval  of  rest,  take  up  the  camera  again  and  look  at  the  cen- 
tral aperture  with  the  stop  in  the  middle^  listening  to  the  beats  of  a 
clock  pendulum.  At  one  end  of  a  beat  push  the  stop  to  the  right, 
and  count  the  number  of  seconds  which  elapse  until  the  two  lumi- 
nous points  meet,  for  the  right  one  has  been  left  in  position  all  the 
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while.  The  interval  varies  considerably  in  different  cases  and  at 
different  times,  from  half  a  minute  to  a  minute  and  a  half.  In 
one  case  the  total  divergence  of  6^**  appeared  to  take  from  68  to  73 
seconds. 

In  the  same  case,  when  the  two  points  were  separated  to  begin  with 
by  5°,  the  images  took  40  seconds  to  meet  When  separated  by  2" 
they  took  5  to  8  seconds.  In  this  way  the  rate  can  be  estimated  for 
each  degree.  It  is  clear  that  the  eye  deviates  outwards  with  diminish' 
ing  rapidity^  at  any  rate  in  the  latter  parts  of  the  deviation. 

IV.  Cmtral  Method. 

Exp.  20. — Place  both  lateral  apertures  out  of  sight,  and  use  the 
central  one  only,  looking  at  it  with  the  stop  to  the  rights  for  some 
seconds.  Then  push  the  stop  quickly  to  the  left.  The  first  image 
disappears,  and  a  second  one  takes  its  place  to  the  left,  at  a  distance 
from  the  former  determined  by  the  degree  of  divergence  which  has 
occurred.  Each  eye  rotates  through  the  same  angle,  sometimes  as 
quickly  as  the  stop  is  pushed,  sometimes  not  until  after  an  appreciable 
interval. 

This  is  proved  by  repeating  the  experiment  with  the  right  luminous 
point  out  of  view  to  start  with  in  the  right  blind  area,  while  the 
stop  is  to  the  right.  This  hidden  test-point  sometimes  springs 
into  view  when  the  stop  is  pushed  to  the  left  almost  simultaneously 
with  the  appearance  of  the  left  image  of  the  central  aperture, 
but  sometimes  not  till  a  moment  or  two  after.  With  the  stop 
to  the  rights  the  left  eye  fixed  the  central  aperture  while  the 
right  deviated.  Pushing  the  stop  to  the  left  excludes  the  left  eye 
and  lets  the  right  eye  see,  so  that  either  at  that  moment  or  a  little 
later  both  eyes  swing  through  an  angle  equal  to  the  deviation,  to 
let  the  right  eye  fix  and  the  left  eye  deviate.  Why,  then,  does  the 
new  image  of  the  central  aperture  not  seem  to  move  1  Because  the 
converging  innervation  is  unaffected  by  the  change,  and  to  it  alone 
are  all  false  estimates  in  the  camera  primarily  due.  The  only  inner- 
vation called  into  play  for  the  movement  in  question  is  the  "  rang- 
ing" one,  of  whose  efforts  the  centres  are  so  well-informed  that 
though  the  eyes  move  the  image  does  not  seem  to.  So  wonderfully 
is  the  correction  made  that  even  in  nystagmns,  though  the  eyes  con- 
tinually oscillate  unknown  to  the  patient,  he  never,  according  to 
Helmholtz,  sees  fixed  objects  moving.  So  truly,  also,  through  the 
liigher  centres  does  the  mind  estimate  the  amount  of  this  effort 
which  is  in  exercise,  that  artists  are  said  to  be  able  to  judge  more  cor- 
rectly the  lateral  distance  between  the  two  objects  by  glancing  rapidly 
from  one  to  the  other,  than  by  any  other  visual  method. 

£xp.  21. — To  ascertain  how  soon  the  deviation  begins.  Let  a  thin 
strip  of  india-rubber  connect  one  end  of  the  stop  with  the  left  side  of 
the  box,  while  a  piece  of  string  passes  from  the  other  end  of  the  stop 
round  the  forefinger  of  the  right  hand.  Give  the  string,  to  begin  with, 
just  such  a  degree  of  tension  as  to  keep  the  stop  in  the  middle  while 
both  eyes  look  through  the  camera  at  the  central  aperture.     Listen 
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to  a  clock  pendulum  beating  half-8econd&  At  one  eud  of  a  beat  pull 
the  stop  instantaneously  to  tiie  right,  and  at  the  other  end  of  the  beat 
let  it  fly  back  to  the  left ;  in  so  doing  it  exposes  a  transitory  double 
image  of  the  central  aperture,  or  at  least  a  perceptible  widening.  This 
shows  that  divexgence  has  commenced  in  less  than  half  a  second.  In 
how  much  less  still  remains  to  be  noted,  which  may  be  done  by  short- 
ening the  pendulum;  but  great  quickness  of  observation  would  be 
needed  to  attain  any  degree  of  accuracy. 

Exp.  22. — Let  the  central  aperture  be  alone  used,  and  push  the  stop, 
alternately  from  left  to  right  and  right  to  left,  at  definite  intervals.  If 
the  intervals  are  not  too  short  relative  divergence  sets  in,  as  shown  by 
the  apparent  displacement  of  the  image  to  right  or  left  at  every  move- 
ment of  the  stop.  The  vision  of  the  central  aperture  is  alternately 
monocular  and  binocular,  the  proportion  between  the  two  being  deter- 
mined by  the  rapidity  of  each  movement  and  the  lenffth  of  the  interval 
between  them.  At  certain  rates  the  relative  divergence  gradually  in- 
creases^ as  shown  by  the  greater  and  greater  apparent  displacement 
with  each  excursion,  which  proves  that  a  certain  proportion  of  bin- 
ocular vision  to  monocular  is  required  to  overcome  the  natural  tendency 
to  divergence.  The  desire  fof  single  vision  is,  as  it  were,  diluted  by 
interruptions.  ^  There  appears  to  be  a  certain  rate  at  which  the  relative 
divergence  neither  increases  nor  diminishes,  and  a  quicker  one  still 
at  wluch,  if  divergence  is  present  to  begin  with,  it  slowly  diminishes, 
and  yet  a  further  rate  at  which  it  does  not  appear  at  all ;  but  a 
mechanical  apparatus  would  have  to  be  used  to  obtain  really 
reliable  results.  The  width  of  the  stop,  of  course,  greatly  aJQfects  the 
proportion  of  binocular  vision,  as  also  does  the  length  of  its  slit.  If 
the  stop  were  just  wide  enough  to  cut  off  in  the  middle  of.  its  course 
the  view  of  the  central  aperture  by  both  eyes,  vision  would  be  whoUy 
monocular ;  with  each  diminution  of  size  there  would  be  a  larger  pro- 
portion of  binocular  vision. 

It  may  be  that  this  method  would  furnish  a  comparative  means  of 
estimating  the  efficiency  of  the  fusion  centre,  by  noting  the  amount 
and  nature  of  the  dilution  required  to  make  the  desire  for  fusion  in- 
capable of  preventing  either  the  occurrence  of  relative  divergence  or 
its  continuous  increase.  Two  points  would  have  to  be  considered — 
the  freqitency  of  the  interruptions,  and  the  length  of  each ;  the  former 
would  depend  on  the  number  of  side  to  side  movements  per  minute, 
the  latter  on  the  rale  and  length  of  each  movement,  the  pavse  at  the 
end  of  each,  and  the  width  of  the  stop.  It  is  possible  that  a  certain 
duration  of  the  two  pictures  in  the  brain  is  necessary  to  elicit  the 
desire  to  fuse  them  at  all 

If  a  wide  stop  were  used,  and  an  up  and  down  movement  given  to 
it  in  the  slit,  binocular  vision  would  be  diluted,  not  by  monocular,  but 
by  intervals  of  no  vision  at  alL  Whether  the  residt  would  be  the 
same  I  do  not  know. 

Exp.  23. — If,  after  looking  at  the  central  aperture  for  a  little  time 
with  the  stop  to  the  inght^  the  latter  then  be  pushed  quickly  to  the 
middle,  the  central  aperture  appears  duplicated  for  a  moment  by  the 
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addition  of  another  image  to  the  left,  and  the  two  run  quickly  and 
with  equal  velocity  into  one.     The  appearance  of  this  second  image 
shows,  of  course,  that  the  eye  has  deviated.     The  apparent  angular 
separation  of  the  two  images  is  equal  to  the  angle  of  deviation.     If 
they  could  he  kept  in  their  first  position  (and  this  we  shall  see  may  he 
done),  an  effort  to  touch  the  right  one  would  place  the  finger  2|^  to 
the  right  of  the  middle  line,  and  an  effort  to  touch  the  left  would  snow 
it  to  he  likewise  2^^  to  the  left  of  the  middle  line.     We  have  seen  how 
when  the  stop  was  at  first  pushed  to  the  right,  and  the  right  eye 
deviated  5°,  that  the  only  then  existing  image  of  the  central  aperture 
seen  hy  the  left  eye  appeared  to  move  till  it  was  referred  2^  to  the 
right  of  the  middle  Hne.     The  right  eye  was  then  excluded,  hut  now, 
when  the  stop  is  put  hack  in  the  middle,  it  receives  an  image  on  the 
retina  5'  to  the  right  of  the  macula,  and  which  is  therefore  referred  5^ 
to  the  left  of  the  image  seen  hy  the  left  eye.^     Since  the  latter  image 
appears  2^*"  to  the  right  of  the  middle  line,  the  former  must  he  2^"*  to 
the  left  of  it.     The  left  eye  remains  stationary  throughout,  while  the 
right  one  (no  longer  excluded)  now  returns  through  the  same  angle, 
til  rough  which  it  deviated.     Why,  then,  if  the  right  eye  only  is  moving, 
and  that  through  an  angle  of  5'*  (and  tj^is  is  it  easy  to  verify  hy  testing 
the  positions  of  the  blind  areas),  docs  each  aperture  appear  to  traverse 
an  equal  angle  of  2^"^  ?    It  is  just  the  undoing  of  what  happened  when 
the  ohstructive  was  pushed  to  the  right     Then  the  image  seen  hy  the 
left  eye  seemed  to  move  slowly  to  the  right  for  2^  l  now  it  quickly 
appears  to  return,  hecause  the  desire  for  single  vision  has  aroused  the 
supplemontaij^  converging  effort,  which  so  affects  the  innervation  of 
the  left  internal  rectus  that  there  is  no  longer  any  need  for  that  effort 
which  usually  turns  hoth  eyes  to  the  right ;  it  therefore  ceases,  and 
just  as  the  mind  took  cognisance  of  its  introduction,  and  imagined  the 
point  seen  to  move  to  the  right,  so  it  takes  cognisance  of  its  cessation, 
and  refers  the  point  again  to  its  original  position.     In  like  manner  the 
second  image  (seen  to  the  left  hy  the  right  eye)  though  it  traverses  5" 
of  the  retina,  only  8ee)ns  to  move  2^°,  hecause  that  is  the  only  moiety 
of  the  movement  which  is  due  to  cessation  of  the  mentally-recognised 
ranging  effort ;  the  other  half  heing  due  to  positive  converging  effort, 
of  which  no  mental  account  is  taken  as  regards  horizontal  position.   Half 
the  movement  of  the  deviated  and  returning  eye  is  due  to  relaxation 
of  the  external  rectus,  and  the  other  half  to  increased  contraction  of 
the  internal  rectus.     The  former  is  taken  into  account  mentally,  the 
latter  is  not.     It  is  quite  clear  from  this  that  the  oculo-motor  muscular 
sense  is  purely  central,  for  the  mfne  contraction  of  a  muscle  is  appre- 
ciated or  not  according  to  the  central  source  of  the  effort. 

£xp.  24. — (a)  Place  the  right  lateral  aperture,  to  hegin  with,  4^  or 
5**  away  from  the  central  one,  and  the  stop  to  the  left  Two  images 
are  now  seen  hy  the  right  eye,  the  right  lateral  and  the  central  one, 
and  their  relative  distance  is  correctly  estimated,  though  the  position 
of  hoth  is  miscalculated  2|^  to  the  left.  Now  push  the  stop  in  the 
middle ',  this  uncovers  the  deviated  left  eye,  and  reveals  another  image 
of  the  central  aperture  miscalculated  2^°  to  the  rights  so  that  it  appears 
^  These  angles  lutvo  their  apex  at  the  principal  dioptric  centre. 
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jnst  above  the  right  lateral  apertuio,  which  is  miscalculated  2^"  to  the 
left,  as  we  saw.  But  the  two  images  of  the  central  aperture  are  only 
thus  separated  for  a  moment,  for  they  quickly  run  together,  and 
normal  fusion  takes  place. 

(b)  If,  however,  instead  of  starting  with  the  stop  to  the  left,  the 
stop  be  first  placed  to  the  right,  and  then  replaced  in  the  middle,  the 
images  do  not  run  together,  though  the  relative  position  of  the  three 
points  is  exactly  the  same  as  before.  In  the  latter  trial,  the  desire  for 
false  fusion  at  the  near  distance  is  greater  than  the  desire  for  true 
fusion  at  the  greater  one ;  but  why  it  should  not  be  so  in  the  first 
trial  I  cannot  certainly  explain.  It  may  be  that  the  desire  for  false 
fusion  of  two  objects  not  in  the  same  vertical  line  takes  longer  to 
develop  its  strength  than  that  for  true  fusion,  and  has  not  time  in  the 
first  trial  to  do  so  before  the  movement  for  the  fusion  has  begun. 
The  effect  of  attention,  as  seen  in  Exp.  26,  has  probably  more  to  do  with 
it  From  the  construction  of  the  camera,  the  vision  of  the  right 
lateral  aperture  cannot  be  other  than  monocular,  so  there  must  be  only 
one  image  of  it,  but  the  vision  of  the  central  aperture,  though  manr 
ocular  when  the  stop  is  either  to  the  left  or  the  right,  is  ^nocular 
when  it  is  replaced  in  the  middle,  so  that,  deviation  having  in  the 
meanwhile  occurred,  there  are  two  images  of  it.  The  only  difference 
between  the  two  trials  lies  in  the  order  in  which  these  two  images 
appear.  In  a  third  modification  they  may  be  made  to  appear  simul- 
taneously. 

(c)  Push  inwards  the  left  brass  slide  till  it  just  occludes  the 
central  aperture.  Let  the  right  luminous  point  (now  the  only  one 
visible)  be  placed  as  before,  and  the  stop  in  the  middle.  On  quickly 
drawing  out  the  left  brass  slide  both  images  of  the  central  aperture 
appear  at  once,  and  generally  run  together,  though  the  result  depends 
somewhat  on  the  position  of  the  right  lateral  point  and  the  amount  of 
deviation  that  has  been  permitted  to  occur.  This  experiment  may  be 
repeated  with  many  variations  by  anyone  desirous  of  ascertaining  the 
laws  of  fusion ;  the  left  lateral  aperture,  e.g.,  may  be  used  instead  of 
the  right,  and  each  in  different  positions,  or  both  may  be  used. 

ExF.  25.  To  ascertain  the  effect  of  attention  on  the  desire  for  single 
vision.  Place  the  right  lateral  aperture,  coloured  blue,  2^  to  the  right 
of  the  central  one,  which  is  covered  with  a  piece  of  paper  or  ground 
glass,  and  therefore  white.  On  looking  into  the  camera  with  the  stop 
in  the  middle,  the  two  points  are  seen  in  their  true  positions,  the 
white  one  appearing  nearly  half  an  inch  to  the  left  of  the  blue  one. 
Now  push  the  stop  to  the  right ;  the  two  images  begin  to  move  slowly 
together  till  they  come  to  be  in  the  same  vertical  line,  and  again  sep- 
arate by  each  pursuing  its  movement  till  they  have  just  changed  placeis. 
The  white  image  is  now  nearly  half  an  inch  to  the  right  of  the  blue 
one.  When  the  stop  is  replaced  in  the  middle,  another  white  image 
appears  nearly  half  an  inch  to  the  left  of  the  blue  one,  which  now  has 
a  white  image  on  each  side  of  it,  and  at  equal  distances  from  it  If, 
while  moving  the  stop,  attention  is  directed  to  either  of  the  white  images, 
they  quickly  run  together,  while  the  blue  returns  to  its  original  posi- 
tion.    But  if  the  attention  is  concentrated  on  the  blue  point  the  whole 
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time,  the  white  ones  do  not  run  together,  but  lemain  as  at  first,  one 
on  each  side  of  the  blue  one.  This  shows  that  the  mere  presence  of 
double  images,  when  they  are  perfectly  well  defined,  does  not  ezcito 
the  desire  for  single  vision,  unless  one  of  them  becomes  the  special 
object  of  attention. 

If  the  blue  point  is  not  exactly  halfway  between  the  two  white 
ones,  move  the  brass  slide  which  bears  it  until  it  becomes  so,  and  then 
read  off  its  angular  position,  which,  when  doubled,  will  give  the 
angular  deviation,  or  relative  divergence  of  the  eyes. 

This,  then,  is  the  third  method  of  measuring  it  by  the  camera,  not 
of  any  clinical  value,  but  useful  as  showing  that  the  deviation  is 
practically  the  same  in  extent  under  such  varying  tests,  for — 

(1)  In  the  "blind-spot"  method  there  is  one  image  upon  the  fovea  of 
one  eye. 

(2)  In  the  'Mirect"  method  there  are  two  images,  one  upon  the 
fovea  of  each  eye. 

(3)  In  this  "central"  method  one  eye  receives  an  image  on  its 
fovea,  and  each  eye  receives  an  image  away  from  its  fovea. 

It  would  be  wearisome  to  recount  more  experiments,  as  the  use  of 
the  camera  permits  of  so  many  variations.  Before  passing  to  the  next 
section  on  "  Distant  Vision "  it  may  be  well  to  give  a  convenient 
summary  of  the  results  obtained  in  near  vision. 

1.  When  one  eye  is  excluded  from  vision  and  placed  sub- 
jectively in  the  dark,  it  nearly  always  deviates  outwards 
(Exp.  1). 

2.  The  sam^e  deviation  occurs  if  each  eye  is  made  to  receive  an 
image  or  any  number  of  images,  provided  that  the  desire  for 
fusion  is  in  abeyance  (Exp.  12). 

3.  The  average  angle  of  deviation  appears  at  present  to  be 
about  4^""  with  vision  for  10  inches. 

4.  There  are  four  methods  of  measuring  this  angle — three  by 
the  camera,  and  oi^e  by  a  double  prism  modification  of  Von 
Graefe's  test. 

5.  When  the  record  by  the  ''  blind-spot "  method  difiPers  from 
that  of  the  other  three,  it  is  because  the  mind  has  learnt  to 
estimate  the  position  of  each  eye  separately  (Exp.  16). 

6.  There  are  reasons  why  Von  Qraefe's  clinical  method  has 
not  revealed  physiological  divergence. 

7.  The  divergence  begins  in  less  than  half  a  second  (Exp.  21), 
and  continues  gradually  at  decreasing  speed  (which  may  be 
measured  at  any  point)  for  from  half  a  minute  to  a  minute  and 
a  half  (Exp.  19). 

8.  Half  the  deviation  of  the  excluded  eye  is  due  to  contrac- 
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tion  of  its  exterDal  rectus,  the  other  half  to  relaxation  of  the 
intemus. 

9.  The  ocalo-motor  muscular  sense  is  purely  central ;  the  same 
contraction  of  a  muscle  is  mentally  appreciated  in  one  way  or 
another  according  entirely  to  the  central  source  of  the  effort  (Exp. 
23). 

10.  The  truth  of  Bering's  theory  that  the  horizontal  move- 
ments of  the  eyes  are  governed  by  two  innervations,  each  acting 
on  both  eyes  as  a  single  organ,  is  repeatedly  demonstrated. 

11.  The  object  fixed  by  the  seeing  eye  appears  during  the 
deviation  to  move  in  the  same  direction ;  the  apparent  move- 
ment is  at  half  the  rate  and  through  half  the  angle  of  the  real 
movement  of  the  excluded  eye  (Exp.  3). 

12.  An  image  on  the  fovea,  whatever  the  real  position  of  the 
eye,  is  referred  to  the  plane  which  bisects  the  angle  of  converg- 
ence, and  which  therefore  passes  through  a  point  midway  betwen 
and  slightly  behind  the  centres  of  the  two  eyes  (Exp.  2  and  3). 

13.  A  fixed  object  seen  by  a  stationary  eye  may  appear  to 
move,  and  the  same  fixed  object  seen  by  a  moving  eye  may 
appear  stationary  according  to  the  innervations  in  play. 

14.  The  degree  of  deviation  which  occurs  on  exclusion  is 
greater  in  the  early  morning,  often  falls  after  meals,  and  is  sub- 
ject to  oscillations,  according  to  conditions  which  affect  tl^e 
nervous  system. 

15.  A  large  degree  of  convergence  is  still  centrally  connected 
with  the  accommodating  effort,  though  its  amount  differs  greatly 
in  different  persons,  being  in  some  more  than  twice  as  much  as 
in  others. 

16.  It  is  probable  that  these  differences  account  for  the  fact 
that  squint  develops  in  many  cases  of  hypermetropia  where 
there  is  less  refractive  abnormality  than  in  other  cases  where 
squint  shows  no  tendency  to  occur. 

17.  The  connection  between  the  converging  and  accommodat- 
ing efforts  is  still  very  delicate ;  the  slightest  alteration  in  the 
latter  is  accompanied  by  an  alteration  in  the  former  (Exp. 
6). 

18.  The  degree  of  convergence  centrally  attached  to  accom- 
modation is  subject  to  slight  waverings  (Exp.  8).  It  may  to  a 
certain  extent  be  either  increased  or  diminished  by  the  desire  to 
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wrMe  two  images,  aud  to  a  still  greater  extent  by  the  desire  to 
maintain  their  fusion  (Exp.  13  and  15). 

19.  Images  at  slightly  different  levels  in  the  two  eyes,  even 
when  the  difference  in  level  is  great  enough  to  prevent  their 
fusion,  are  often  kept  near  each  other  by  the  desire  for  it 

20.  This  tendency  decreases  rapidly  with  increasing  difference 
in  level,  and  is  not  perceptible  with  the  images  separated  by  a 
vertical  angle  of  2**  or  3°. 

21.  The  desire  for  this  false  fusion  at  a  near  distance  may  be 
greater  than  the  desire  for  true  fusion  at  a  greater  distance, 
though  this  is  affected  by  the  order  in  which  the  desires  are 
roused  (Exp.  24). 

22.  When  the  images  are  coloured  differently  the  desire  for 
fusion  is  weakened  but  not  altogether  removed. 

23.  The  desire  for  single  vision  can  be  interrupted  to  any 
required  extent  by  causing  alternations  of  binocular  and  mon- 
ocular vision,  so  regulated  that,  with  different  rates,  deviation  may 
be  either  prevented,  retarded,  arrested  at  any  part  of  its  course, 
or  made  slowly  to  retrogress  (Exp.  22). 

24.  The  effect  of  attention  exerts  a  well-marked  influence  om 
the  desire  for  fusion  (Exp.  26). 

25.  The  ordinary  test  of  placing  a  prism  (base  in  or  out) 
before  one  eye  estimates  simply  the  degree  of  relative  divergence 
or  convergence  which  is  attainable  by  the  desire  to  rectify  the 
diplopia  created  by  the  prism,  and  which  is  compatible  with  the 
existing  effort  of  accommodation. 

26.  Approaching  a  finger  to  the  eyes  tests  the  power  of  vudn- 
taininff  existing  fusion  with  proportionately  increasing  accom- 
modation. This  is  true  up  to  the  nearest  point  of  distinct 
vision,  within  tfiat  it  tests  the  relative  convergence  attainable 
by  the  desire  to  maintain  fusion  complicated  with  increasing 
indistinctness  of  the  images. 

{To  he  continued.)  ^ 

^  The  writer  will  be  greatly  obliged  for  the  pointing  ont  of  any  omiBBions  and 
errors  detected  in  this  paper. — Address,  &  B.  Maddox,  M.B.,  Sk(ptoi^  Chipping 
Norton,  Oxon, 


A  CONTRIBUTION  TO  SPLENIC  HISTOLOGY.  By 
BoBERT  Robertson,  M.D.  (Edin.),  Assistant  Physician  to 
the  VerUnor  Ccmsumption  Hospital.    (Plate  XV,) 

(The  following  observations  were  made  in  1879  while  working 
under  Dr  D.  J.  Hamilton  in  the  Pathological  Laboratory  of 
Edinburgh  University.  Circumstances  have  prevented  a  re- 
sumption of  the  work  hitherto,  hence  the  incomplete  form  of 
the  present  paper.) 

Controversy  in  splenic  histology  of  late  has  mainly  centred 
about  the  minute  structure  of  the  splenic  pulp,  and  the  manner 
in  which  the  circulation  is  carried  on  therein.  It  cannot  yet  be 
said  that  the  channels  by  which  blood  reaches  the  veins  from 
the  arteries  have  been  determined  beyond  dispute.  W.  Mliller^ 
IS  the  representative  of  those  who  maintain  that  the  capillary 
plexus,  which  in  other  organs  intervenes  between  arteries  and 
veins,  is  in  the  spleen  replaced  by  an  adenoid  reticulum  through 
which  the  blood  filters  in  its  passage  to  the  veins,  the  arteries 
ending  by  their  endothelial  lining  becoming  continuous  with  the 
cells  of  the  reticulum,  while  in  the  veins  the  fibres  of  the 
reticulum  gradually  approximate  until  the  vessel  wall  and  its 
endothelial  lining  are  again  complete.  Others  again,  while 
agreeing  with  this  view  as  to  the  absence  of  a  continuous  system 
of  vessels,  differ  in  details, — Billroth,*  for  instance,  holding  that 
the  arteries  terminate  by  open  mouths  in  the  reticulum  of  the 
tissue  which  intervenes  between  the  "  capillary  veins ; "  Klein,* 
more  recently,  denying  the  presence  of  a  reticulum  of  fibres, 
which  he  says  is  an  appearance  due  to  section  of  the  septa  of  a 
honeycomb  of  membranes. 

On  the  other  hand,  Kolliker^  and  Grohe^  maintain  that  the 

^  Strieker's  "  Human  and  Compcurattive  Histology,"  New  Syd,  Soc,  1870,  vol.  i. 
p.  867. 

'  ''  Zar  normalen  und  pathologischen  Anatomie  der  Menschlichen  Milz,"  Virch, 
Arch,,  vol.  zx.  p.  413. 

'  "  Observations  on  the  Stmctnre  of  the  Spleen,"  QtmrL  Jour.  Micr.  Sci.,  vol. 
XV.  p.  868. 

*  Manual  of  Histology y  p.  869,  London,  1860;  New  Syd.  Soc.,  p.  451. 

'  "(Zor  Geschichte  der  Melan^mie  nebst  Bemerkungen  iiber  den  normalen  Bau 
der  Milz  nnd  Lymphdrnsen,"  Virc?i.  Arch.,  1861,  vol.  xz.  p.  325  et  seq. 


510  DB  BOBEBT  BOBEBTSON. 

« 

circulation  in  the  spleen  is  carried  on  in  a  precisely  similar 
manner  to  that  of  all  other  organs  of  the  body ;  that  is  to  say, 
there  is  a  continuous  system  of  vessels  out  of  which,  except  by 
rupture,  the  blood  never  passes ;  that  the  arteries  break  up  into 
capillaries,  which  are  again  continuous  with  the  minute  veins. 
But  while  EoUiker  tliinks  it  probable  that  an  endothelial  lining, 
too  delicate  to  be  demonstrable  in  the  finest  vessels,  is  con- 
tinuous throughout,  Grohe  thinks  that  a  layer  of  fusiform  cells 
is  the  only  lining  membrana 

The  uncertainty  which  these  opposing  views  excites  is  in- 
creased by  the  difficulty  of  explaining  completely  by  either 
certain  appearances  found  in  the  pathological  condition  known 
as  "  dififose  waxy  spleen."  Stained  with  methylaniline  iodine, 
a  section  of  such  a  spleen  shows,  even  under  a  low  power  of  the 
microscope,  that  the  organ  consists  in  great  part  of  an  infinite 
number  of  canals  and  their  intervening  septa.  Sections  of  these 
canals,  in  all  directions,  transverse^  longitudinal,  and  oblique,  are 
recognisable,  bounded  by  limiting  lines  of  rose-stained  ''  waxy " 
material,  and  if  the  disease  is  in  an  early  stage  between  two 
adjacent  rosy  lines,  a  blue  poriion  of  the  septum  forming  a 
narrow  strip  of  apparently  retiform  tissue  can  easily  be  found. 
Are  these  canals  with  their  intervening  septa  adventitious  ap- 
pearances due  to  ibhe  morbid  condition,  and  if  nbt;  tb  What  do 
they  correspond  in  the  normal  organ  ? 

To  determine  this  question,  the  spleen  of  a  healthy  young 
adult  was  examined.  The  orgari  was  markedly  "  congeisted,'' 
but  in  no  other  respect  peculiar,  liardened  in  dilute  chromic 
acid  and  stained  with  logWood,  sections  were  half  cleared  up  in 
clove  oil,  and  then  mounted  in  dammar.  By  this  method  the 
canals  or  vessels  were  demonstrated  which  had  already  been 
seen  mapped  out  by  morbid  material  in  "  waxy  disease,"  but 
without  '*  half-clearing  "  in  clove  oil  the  canals  could  not  be  recog- 
nised. In  the  septa  and  walls  of  these  canals  cells  were  seen, 
which,  when  isolated,  had  large  rounded  or  more  or  less  ovoid 
nuclei,  surrounded  by  a  small  quantity  of  matrix  substance,  and 
projecting  on  the  inner  border  of  the  narrow  band  or  fibre  into 
which  the  matrix  substance  was  prolonged  on  either  side  of  the 
nucleus.  The  general  outline  of  the  inner  border,  except  where 
the  nucleus  bulged,  was  concave ;  the  opposite  border  was  con- 
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vex  and  wavy,  refracting  the  light ;  the  ends  of  the  fibre  were 
occasionally  found  curled  towards  the  inner  border,  not  unlike 
what  is  seen  in  fibres  of  yellow  elastic  tissue.  In  the  section 
these  cells  were  seen  arranged  side  by  side  in  the  long  axis  of 
one  of  the  "  canals  "  referred  to,  so  as  to  form  an  apparently  con- 
tinuous membrane,  and  transverse  section  may  thus  show  a  row 
of  "  leucocytes  **  projecting  towards  the  lumen  of  the  canaL 

In  the  septa  the  coloured  blood-corpuscles,  often  in  linear 
arrangement,  and  nucleated  cells  and  fibres  gave  the  appearance 
of  an  areolar  tissue  (such,  indeed,  Billroth  regarded  it,  though 
he  ultimately  abandoned  the  view  that  the  capillaries  end  in  it 
by  open  mouths,  finding  that  they  pierced  the  canal  walls. 

There  exists  then  in  the  splenic  pulp  an  abundant  canal 
system,  the  canals  being  of  considerable  size,  and  separated  by 
septa  usually  relatively  small  and  of  loose  fibro-cellular  structure. 
The  walls  of  these  canals  consisting  largely,  so  far  as  we  have 
yet  seen,  of  peculiar  fusiform  cells  with  nuclaar  body  projecting 
towards  the  inner  aspect  of  the  cell 

To  ascertain  the  relation  of  this  canal  system  to  the  arteries, 
various  methods  of  injection  from  the  artery  were  tried  with 
spleens  of  pigs  and  sheep.  It  was  found  very  easy  with  fluid 
injection  to  drive  the  liquid  freely  out  through  the  vein,  but  on 
preparation  of  sections  of  these  spleens,  the  tissue  was  seen  to 
be  very  unequally  permeated  by  the  injection  fluid ;  and  in  those 
parts  where  the  injection  had  entered  most  freely  the  appearance 
was  that  of  a  general  infiltration  of  the  tissue  with  the  injection ; 
no  arterial  branches  except  those  of  larger  size  could  be  made 
out 

On  injecting,  however,  by  the  vein  with  an  open  cannula  in 
the  artery  it  was  discovered  that  after  sixteen  ounces  of  the 
liquid  had  been  thrown  into  the  spleen  of  a  sheep  not  a  drop 
came  out  through  the  artery.  The  cannula  in  the  vein  was 
then  closed,  and  further  injection  attempted  from  the  artery, 
but  only  a  very  small  quantity  could  be  forced  in,  though  in  the 
attempt  the  cannula  was  driven  ofif  the  syringe.  Additional 
injection  through  the  vein  was  then  tried,  and  with  ease  another 
8  oz.  of  fluid  was  thrown  into  the  organ  before  the  capsule 
ruptured. 

Double  injection  was  also  tried,  blue  gelatine  mass  being 
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throwD  into  the  veins,  and  when  this  was  cold  a  carmine  io- 
jection  mass  into  the  arteries.  The  special  object  in  view  was  to 
inject  the  capillary  plexus  of  the  Malpighian  bodies  from  the 
artery ;  and  on  naked  eye  examination  of  a  section  of  the 
injected  organ  it  seemed  probable  that  this  had  been  accom- 
plished successfully,  for  the  Malpighian  bodies  were  conspicuous 
by  their  carmine  colour  io  an  area  of  dark  blue.  On  microscopic 
examination,  however,  no  injection  of  the  Malpighian  capillaries 
could  anywhere  be  found,  but  everywhere  a  zone  of  carmine 
surrounding  the  uncoloured  Malpighian  body,  and  separating  it 
from  the  dark  blue  of  the  injected  pulp-substance. 

lujection  with  carmine  mass  of  a  human  spleen  in  an  early 
stage  of  waxy  disease  was  tried  also.  The  injection  was  thrown 
into  the  artery  only,  and  after  hardening,  sections  were  stained 
with  methylaniline,  and  mounted.  It  was  hoped  that,  the  canals 
being  mapped  out  by  the  morbid  material,  the  relation  of  the 
injected  arterioles  to  them  might  be  more  easily  discovered.  This 
hope  was  to  a  certain  extent  realised  on  examination  of  sections 
microscopically.  It  was  found  that  minute  injected  vessels  ran 
in  the  septa  between  the  canals,  and  such  a  vessel  was  seen 
after  running  for  some  considerable  distance  in  the  middle  of  a 
septum  bifurcating,  and  the  two  branches  diverging  approached 
the  walls  of  canals,  and  one  partly  encircling  a  canal  in  trans- 
verse section  was  lost  sight  of  just  when  apparently  about  to 
pierce  the  canal  wall. 

Injection  of  sheep's  spleens  with  |  per  cent,  nitrate  of  silver 
solution  was  also  tried,  and  in  this  connection  it  may  be 
mentioned  that  in  injecting  from  the  artery  a  zone  of  pigment- 
ation was  obtained  around  the  Malpighian  bodies,  correspond- 
ing to  the  carmine  zone  in  the  double  injections  described 
above. 

Thus  we  have  seen  that  the  splenic  arteries  do  break  up 
into  minute  or  capillary  vessels  which  run  for  a  considerable 
distance  in  the  septa  that  intervene  between  the  canals  already 
described,  and  sooner  or  later  they  approach  closely  to  the 
walls  of  these  canals,  and  probably  pierce  them.  In  the 
Malpighian  bodies  it  would  seem  that  the  surrounding  pres- 
sure empties  the  capillaries  of  their  contents,  the  injection 
appearing  in  the  portions  of  the  canal  system  with  which  the 
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Malpighian  body  is  related,  and  with  which  its  vessels  apparently 
communicate. 

We  have  also  seen  that  some  valvular  arrangement  exists, 
which,  while  it  permits  the  blood  or  injection  fluid  to  flow 
freely  from  artery  to  vein,  prevents  a  return  current  from  vein 
to  artery.  What  this  arrangement  probably  is  we  shall  presently 
see ;  in  the  meantime  it  is  necessary  to  consider  the  endothelial 
lining  of  the  arterial  capillaries  and  of  the  canal  system. 

A  fresh  sheep's  spleen  was  injected  from  the  artery  with 
^  per  cent,  solution  of  nitrate  of  silver,  and  portions  of  the 
silvered  tissue  afterwards  carefully  teased  out.  In  such  speci- 
mens the  endothelial  lining  of  the  arterial  capillary  was  well 
demonstrated,  and  in  a  few  specimens  it  could  be  traced  until 
an  infundibular  expansion  of  the  vessel  took  place  to  twice  or 
three  times  its  previous  size.  Kaclear  bodies  lying  in  the  long 
axis  of  the  capillary  vessel  outside  the  endothelium  were  found 
to  belong  to  fusiform  cells  like  those  already  described  in  the 
walls  of  the  canals,  and  where  a  capillary  vessel  had  been 
broken  across,  the  curled  end  of  one  of  these  cells  might  be 
found  projecting  beyond  the  endothelium.  The  difficulty  of 
demonstrating  the  continuity  of  the  endothelium  of  the  arterial 
capillaries  with  that  of  the  canal  system  was  due  to  the  exces- 
sive delicacy  of  the  walls  of  the  canals,  which,  during  the 
preparation  by  teasing,  generally  became  entirely  broken  up, 
and  to  the  elasticity  of  the  spleen  in  lower  animals,  which 
prevented  the  ready  demonstration  of  the  canal  system  in 
sections  of  silvered  spleens.  Fortunately  the  spleen  of  a 
healthy  human  adult  was  obtained  and  injected  five  hours  after 
death,  and  silvering  of  the  endothelium  by  injection  of  the  artery 
with  nitrate  of  silver  solution  was  successfully  accomplished. 

The  tissue  was  hardened  in  dilute  chromic  acid  and  in 
spirit,  and  preparations  half  cleared  up  in  clove  oil,  and 
mounted  in  dammar,  were  examined.  The  tissue  was  also 
examined  by  teasing  in  the  fresh  state  after  exposure  to  light. 
It  was  found  that  the  arterial  capillaries  were  lined  by  an 
endothelium,  as  already  described  in  the  sheep's  spleen,  but 
that  unlike  their  infundibular  expansion  in  the  sheep's  spleen, 
the  vessel  ended  in  an  abrupt  expansion  (or  flange),  producing 
an  appearance  like  the  end  of  a  candlestick. 
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On  examinatioa  of  hardened  sections,  stained  with  logwood, 
and  mounted  as  described,  the  canals  were  found  to  be  lined 
with  an  exceedingly  delicate  endothelial  layer  of  cells,  the  out- 
lines of  the  cells  being  faintly  silvered,  their  shape  long  and 
narrow,  and  arranged  generally  across  the  direction  of  the  canal, 
while  outside  this  endothelium  the  fusiform  cells,  with  their 
nuclei  stained  blue,  were  arranged  in  the  long  axis  of  the 
vessel. 

Under  a  power  of  1000  diameters,  circular  openings  of  small 
vessels  could  be  seen  with  a  clearly  maintained  continuity  of 
endothelium.  In  some  places  the  opening  of  the  small  vessels 
into  the  canals  was  conical  to  some  extent,  but  this  did  not 
appear  to  be  commonly  the  case. 

Having  thus  traced  the  continuity  of  artery  and  venous 
canal,  and  shown  that  a  continuous  and  unbroken  endothelial 
lining  does  exist,  we  can  now  understand  by  what  arrangement 
regurgitation  from  veins  to  arteries  is  prevented.  It  has  been 
mentioned  that  the  septa  in  which  the  Arterial  capillaries  run 
are  relatively  small  as  compared  with  the  size  of  the  canals, 
and  that  they  present  a  loose  fibro-cellular  texture.  By  dis- 
tending the  venous  canals  with  blood  or  other  fluid,  these  septa 
are  pressed  upon,  the  lumen  of  the  capillary  vessels  becomes 
obliterated,  and  the  liquid  can  neither  flow  back  through  them, 
nor  can  any  pass  from  the  arterial  side;  except  by  the  use 
of  very  high  pressure.  The  relative  size  of  the  two  sets  of 
vessels  sufficiently  explains  how  when  no  more  fluid  could  be 
driven  into  the  arterial  system  in  the  experiment  described,  a 
third  more  than  the  organ  then  contained  was  easily  injected  by 
the  vein,  and  the  organ  ruptured. 

MalpigMan  Corptiscles, — ^These  bodies  have  been  incidentally 
referred  to,  as  mapped  out  by  an  injected  zone,  in  silvered 
liuman  and  sheep's  spleens,  and  in  double  injection  of  the 
spleen.  This  injected  zone  was  in  all  cases  sharply  defined 
towards  the  Malpighian  body  in  the  condensed  stroma  of  the 
pulp,  but  passed  gradually  away  into  the  surrounding  pulp- 
substance. 

In  the  injected  spleen  of  a  cat  the  plexus  of  capillaries  in  the 
Malpighian  body  was  well  seen,  and  it  was  observed  that  they 
formed  loops  towards  the  periphery,  from  which  branches  passed 
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into  the  pulp-substance  beyond.  This  zone  of  injection,  there- 
fore, is  no  doubt  the  fluid  which  has  passed  into  the  Malpighian 
capillaries,  and,  by  surrounding  compression,  has  been  forced 
into  the  canal  system  of  the  pulp,  with  which  the  capillaries 
communicate. 

In  *'  half-cleared "  sections,  stained  in  logwood,  the  con- 
tinuity of  the  stroma  of  the  Malpighian  body  with  the  tissue 
of  the  septa  of  the  pulp-substance  was  recognised. 

So  that  the  Malpighian  bodies  are,  as  it  were,  localised  over- 
growths of  the  tissues  of  the  septa  which  separate  the  venous 
canals,  cells  and  fibres  multiplying,  and  the  arterial  capillaries, 
instead  of  bifurcating,  breaking  up  into  a  plexus;  but  the 
stroma  and  capillaries  maintain  their  continuity  with  the 
adjacent  septa  and  canals,  only,  from  compression  by  the  over- 
growth, these  latter  are  condensed  and  form  what  was  thought 
formerly  to  be  the  capsule  of  the  Malpighian  bodies. 


EXPLANATION  OF  PLATE  XV. 

Fig.  1.— rEndothelintn  of  funnel-dhaped  junction  of  arterial  capil- 
lary (a)  and  venous  canal  (b),  from  sheep's  spleen  (silvered).    (  x  450.) 

Fig.  2. — Spleen  of  woman  injected  with  nitrate  of  silver  five  hours 
after  death,  showing  expansion  of  arterial  capillary  (a)  into  a  venous 
canal  (b);  the  oudinin^  of  the  endothelial  plates  is  well  seen. 
(x  450.) 

Fig.  3. — Small  |:k>rtLon  of  tissue  from  same  spleen,  x  800 ;  a, 
venous  canal,  with  silvered  marking  of  endothelium ;  b,  arterial 
capillary  ;   c,  section  of  vessel  in  commimication  with  both  a  and  &. 

Fig.  4. — Arterial  termination  (waxy  spleen  x  450);  a,  mouth  of 
minute  arteriole ;  (b\  b'\  b"%  venous  canals ;  c,  nuclei  of  fibre  ceUs ; 
e,  waxy  infiltritioil  of  wall  of  canaL 


SUPERNUMERARY  LEG  IN  A  MALE  FROG  (Bana 
palustris).  By  Frederick  Tuckerman,  M.D.,  Amherst, 
Massachusetts.     (Plate  XVL) 

I  FIRST  wish  to  thank  Professor  Warner  of  the  Massachusetts 
Agricultural  College,  to  whom  the  frog  belongs,  for  his  kindness 
in  placing  it  at  my  disposal 

The  remarkable  abnormality  about  to  be  described  occurred 
in  a  frog  which  was  blown,  while  blasting  with  gunpowder,,  out 
of  a  crevice  in  a  ledge  of  mica  schist  12  feet  below  the  surface, 
[t  was  immediately  picked  up,  and,  apart  from  being  stunned, 
had  apparently  sustained  no  injury. 

The  same  explosion  also  brought  to  the  surface  five  other 
frogs,  of  difierent  ages  and  sizes,  none  of  which  were  killed  or 
injured. 

At  the  time  of  its  unexpected  appearance  the  frog  was 
supposed  to  be  about  a  month  old.  From  this  time  until  it  was 
killed,  two  months  later,  it  was  not  observed  to  eat  anything. 

The  external  opening  of  the  crevice  in  the  ledge  measured 
only  a  few  lines  at  its  widest  point,  and  flowing  into  it  was  a 
small  stream  of  water,  which  undoubtedly  conveyed  either  the 
eggs  or  the  frogs  in  the  larval  stage  to  the  interior  of  the  rock, 
as  the  breach  in  the  ledge  was  much  too  small  even  to  admit 
the  passage  of  a  very  young  frog. 

The  pigmentation  of  the  skin  covering  the  extra  limb  corre- 
sponded in  form  and  colour  with  that  of  the  rest  of  the  body, 
with  the  exception  that  the  dark  brown  bands  or  spots  towards  the 
distal  end  of  the  leg  completely  encircled  it.  It  was  attached  to 
the  trunk  slightly  to  the  left  of  the  mesial  line,  and  to  the  left  of 
the  posterior  end  of  the  tip  of  the  urostyle,  just  above  the  open- 
ing of  the  cloaca.  The  first  part,  about  a  line  in  length,  seemed 
to  be  chiefly  tegumentary  in  character,  and  was  quite  narrow. 
This  was  followed  by  an  enlargement  2\  lines  in  length,  and  a 
little  less  in  width,  chiefly  in  a  ventral  direction.  Then  came  a 
second  constriction  greater  than  the  first,  which  immediately 
widened  into  a  large  oval-shaped  dilatation  or  sac,  |  of  an  inch 
in  length  and  f  of  an  inch  in  width,  the  walls  of  which  were 
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not  at  all  tense,  and  offered  less  resistance  to  pressure  than  was 
the  case  in  the  first  enlargement.  The  space  within  was  par- 
tially filled  with  fluid.  It  was  quite  evident,  however,  that  it 
contained  something  else  beside  fluid,  for,  when  rested  upon 
one  end,  it  not  only  kept  its  oval  form  perfectly,  but  could  not 
be  possibly  depressed  in  the  direction  of  its  long  axis.  The 
remainder  of  the  limb  to  the  distal  tarsals  was  straight,  and 
measured  |  an  inch  ia  length  and  ^  of  an  inch  in  width.  It 
was  jointed  above  and  below.  The  superior  articulation  ad- 
mitted of  but  slight  movement,  the  inferior  was  quite  movable. 
There  were  two  digits  present,  the  inner  one  the  longer,  and  a 
rudiment  of  a  third.  The  usual  position  of  the  toes  was  that  of 
adduction. 

The  limb  measured,  from  the  point  of  its  attachment  to  the 
trunk  to  the  tip  of  the  last  phalanx  of  the  inner  digit,  2^  inches. 

The  circulation  of  the  blood  in  the  web  between  the  two 
digits,  as  seen  with  the  aid  of  the  microscope,  presented  nothing 
unusual  in  appearance. 

When  stimulation  was  applied  to  the  distal  end  of  the  limb, 
or  to  any  part  of  it,  the  frog  would  usually  draw  itself,  or  jump 
quickly  away,  dragging  the  extra  limb  after  it.  Sometimes, 
however,  often-repeated  stimulation  would  call  forth  a  slight 
muscular  contraction  in  the  limb  itself,  and  this  was  occasionally 
seen  to  take  place  when  the  animal  was  left  entirely  to  itself. 
The  distal  end  of  the  limb  would  then  be  abducted  a  little  to 
the  right,  the  toes  would  partially  separate,  and  at  the  same 
time  a  slight  drawing  of  the  whole  limb  toward  the  trunk  would 
be  perceptible. 

The  following  appearances  were  observed  on  opening  the 
limb ; — 

The  narrow  portion  close  to  the  point  of  attachment  to  the 
trunk  contained  a  few  tendons,  blood-vessels,  and  a  nerve.  The 
tendons  took  their  origin  from  the  symphysis  pubis.  The 
blood-vessels  could  not  be  made  out  with  any  degree  of  certainty, 
with  the  single  exception  of  a  vein  which  appeared  to  join  the 
left  pelvic  vein.  The  nerve  was  apparently  a  division  or  branch 
of  the  sciatic.  In  tracing  it  down  the  limb  no  division  of  it 
above  the  knee  could  be  discovered,  nor  were  any  lateral  branches 
made  out     The   space  in  the  first  enlai^ement   was   almost 
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completely  filled  by  a  mass  of  muscle  to  which  the  tendons 
belonged,  and  in  which  the  vessels  ramified.  Neither  bone 
(Jemur)  nor  cartilage  were  present  at  this  point  The  second 
constricted  portion,  smaller  and  narrower  than  the  first,  con- 
tained the  tendons,  vessels,  and  nerve,  which  it  conveyed  to  the 
parts  beyond.  Within  the  large  oval-shaped  sac  was  a  bundle 
of  muscles  running  the  entire  length  of  it.  There  were  no 
adhesions  uniting  the  skin  to  the  subjacent  parts  except  at  the 
ends.  Two-thirds  of  the  space  not  occupied  by  muscles  was 
filled  with  a  yellowish-red  fluid,  having  a  slightly  acid  reaction, 
and  quite  rich  in  red  and  colourless  blood-corpuscles.  The 
muscles  were  somewhat  smaller  than  usual,  and  a  few  were 
wanting;  but  otherwise  they  presented  no  special  variations 
from  those  found  in  this  region.  The  gastrocnemius,  tibialis 
posticus,  peroneus,  and  tibialis  anticus  were  easily  distinguished. 
On  cutting  away  the  muscles  a  bone  {cms)  was  brought  into 
view.  The  shaft  was  long,  cylindrical,  and  very  slender.  No 
groove  was  detected  indicating  the  line  of  union  between  the 
fibula  and  tibia.  The  articular  expansion  at  the  inferior  extre- 
mity was  very  large  and  out  of  proportion  to  the  shaft  above  it. 
This  formed  a  movable  joint  with  the  articular  process  of  the 
bone  below  it  At  the  superior  end  of  the  shaft  was  an  articular 
process,  quite  small,  which  had  only  a  tendinous  connection  with 
the  region  above  it  In  the  proximal  tarsal  region  the  skin 
adhered  quite  firmly  to  the  parts  below  it  The  muscles  were 
much  atrophied,  and  the  vessels  and  nerves  could  not  be  clearly 
followed.  In  place  of  the  usual  two  elongated  bones  {astragalus 
and  calcaneum\  connected  above  and  below  by  epiphyses, 
there  was  a  single  long  bone,  unmarked  by  any  longitudinal 
groove,  articulating  slightly  with  the  ankylosed  (?)  tibia  and 
fibula. 

At  the  distal  end  of  the  bone  no  extra  ossicles  were  found. 
The  right  digit  was  composed  of  a  metatarsal  bone  and  two 
phalanges.  The  inner  digit  (would  be  the  fourth  counting  from 
the  hallva)f  the  longer,  consisted  of  a  metatarsal  bpne  and  three 
phalanges.    The  rudiment  corresponded  to  the  middle  digit 

From  this  description  it  will  be  seen  that  the  foot  belonged 
to  the  right  side  of  the  body,  although  the  limb  sprang  from  the 
left  side. 
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With  the  exception  of  the  accessory  limb  the  frog  appeared 
to  be  in  a  perfectly  normal  condition. 


EXPLANATION  OF  PLATE  XVL 

It  was  found  necessary,  in  order  to  show  the  nidimeDtary  digit 
well,  to  turn  the  pes  over,  thus  bringing  the  dorsal  surface  into  view. 

1.  Enlargement  filled  with  muscles  corresponding  to  the  position  of 
the  femur.  2.  Sac  partly  filled  with  fluid  containing  muscles  and 
eras.  3.  Proximal  tarsal  region  composed  of  a  single  long  bone. 
4.  Eudiment  of  the  middle  digit. 


[Editorial  Note, — ^The  malformation  in  this  very  remarkable  frog 
willy  without  doubt,  recall  to  some  of  our  readers  the  case  of  Jean 
Battista  dos  Santop,  a  native  of  Portugal,  who  visited  this  country  in 
1865,  being  then  in  his  nineteenth  year,  and  whose  case  was  described 
in  the  Lancet  of  July  29,  and  subsequently  by  the  late  Dr  P.  D.  Han- 
dyside,  in  the  Edinburgh  Medical  Journal,  March  1866.  In  Dos 
Santos's  case  of  imperfect  double  monstrosity  there  were  two  complete 
sets  of  external  organs  of  generation  in  addition  to  the  intermediate 
lower  limb.  A  case  of  a  somewhat  similar  kind,  in  a  female  foetus, 
but  with  two  lower  limbs,  was  described  by  Von  Baer,  in  Mem.  de 
VAcad,  de  8t  Petersh.  YL  Series,  and  his  figures  are  reproduced  in 
Forster's  MisahUdungen  dee  MenseheUy  Jena,  1865.  The  writer  of  thia 
note  had  also  the  opportunity  of  seeing,  in  February  1885,  through 
the  courtesy  of  Mr  R.  Urquhart,  Lecturer  on  Pharmacy,  Edinburgh, 
a  new-bom  child  with  a  similar  deformity.  The  child  lived  a  few 
dayS|  but  no  dissection  of  it  was  permitted  by  the  parents. — W.  T,] 


THE  NATUEE  OF  THE  EELATIONSHIP  BETWEEN 
UREA  FOEMATION  AND  BILE  SECRETION.  By 
D.  No£l-Paton,  M.D.,  B.Sc.,  F.RS.E.,  Biological  Fellow  of 
the  University  of  Hdiriburgh} 

(From  the  Physiological  Laboratory  of  the  University  of  Edinburgh.) 

In  a  previous  paper,  published  in  the  last  numbers  of  this 
Jouimcd,  voL  xx  pp.  114  and  267, 1  endeavoured  to  demonstrate 
that  a  direct  relationship  existed  between  urea  formation  and 
bile  secretion.  It  is  now  necessary  to  inquire  into  the  manner 
in  which  these  two  processes  are  thus  connected.  In  investi- 
gating this  subject  we  must  remember  that  the  bile  constituents 
and  urea  are  produced  in  the  liver,  and  that  our  attention 
therefore  must  be  directed  to  ch£uiges  occurring  in  this  gland. 

The  chief  functions  of  the  liver  are  the  formation  of  glycogen 
and  the  secretion  of  bile,  and  the  latter  of  these  functions  may 
be  divided  into  two  elements,  the  production  of  bile  acids  and 
the  elimination  of  the  effete  blood*pigment  as  bilirubin.  I  shall 
endeavour  to  show  that  urea  formation  is  connected  with  the 
latter  of  these,  the  excretion  of  effete  hsdmoglobin. 

That  blood-pigment  is  converted  into  bilirubin  and  excreted 
by  the  liver  as  such  is  clearly  demonstrated  by  the  work  of 
Frerichs,  of  Stadeler,  of  Kuhne,  of  M.  Herman,  and  others. 

Tarchanoff  was  perhaps  the  first  (Pflilger's  Arch,,  Bd.  ix.  pp.  53 
and  187)  to  connect  this  production  of  bilirubin  with  an  increased 
flow  of  bile.  After  injecting  100  c.c.  of  a  dilate  solution  of 
haemoglobin  into  the  veins  of  a  dog  with  a  biliary  fistula,  he 
observed  an  immediate  and  enormous  rise  in  the  amount  of 
bile  and  in  the  quantity  of  bile  pigments  excreted.  A  similar 
rise  was  observed  after  the  injection  of  distilled  water,  which  set 
free  hsemoglobin  by  dissolving  the  blood-corpuscles.  He  observes 
that,  while  the  bile  pigments  were  so  greatly  increased,  the  bile 
acids  were  diminished  in  amount. 

Stadelmann  (Arch,f,  JSxp.  FathoL,  Bd.  xv.  p.  337)  records  a 

^  Towards  the  expenses  of  this  research,  a  grant  was  made  by  the  British 
Medical  Association  on  the  recommendation  of  the  Scientific  Grant  Committee  of 
the  Association. 
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similar  series  of  experiments  in  which  he  injected  hsemc^lobin 
in  much  larger  quautitieSi  and  in  mugh  more  concentrated  solu- 
tion— 20  to  40  grammes  in  a  20  per  cent,  solution.  He  observed 
that  the  bile  first  became  thick  and  viscid,  and  that  its  rate  of 
excretion  diminished,  the  percentage  amount  of  bile  pigments 
being  enormously  increased.  This  initial  fall  was  followed  in  a 
few  hours  by  a  great  increase.  Obviously  the  results  of  these 
experiments  are  to  be  explained  by  the  large  quantity  of  haemo- 
globin used,  and  the  concentration  of  the  solution  in  which 
it  was  injected.  By  the  increase  in  the  solid  constituents  of  the 
bile  its  passage  along  the  bile  ducts  was  markedly  impeded,  atid 
it  was  only  upon  a  more  fluid  bile  being  produced  that  it  escaped 
freely  and  allowed  the  increased  secretion  to  manifest  itself. 

In  Tarchanolf  s  experiments,  on  the  other  hand,  the  hsemo- 
globin  reached  the  liver  in  a  dilute  solution  and  in  moderate 
amount,  so  that  no  blocking  of  the  bile  passages  by  the  viscid 
bile  occurred. 

Such  methods  of  injecting  haemoglobin  in  solution  are  by  no 
means  satisfactory,  since  the  altered  condition  of  the  specific 
gravity  of  the  blood  and  the  changes  in  the  circulation  possibly 
induced,  tends  to  vitiate  the  results  obtained. 

Employing  the  method  of  injecting  into  the  blood  some  power- 
ful hsBmoly tic,  such  as  toluylendiamin,  Afanassiew  {Ztsch.  /.  Clin. 
Med,,  Bd.  vi.  H.  4)  has  shown  that  the  bile  secretion  is  greatly 
increased.  And  in  a  paper,  published  in  PJluffer's  Archiv,,  Bd. 
XXX.,  he  says: — ^''Da  nach  Ergebnissen  der  Versuche  mit  Toluylen- 
diamin die  Gallenbildung  durch  massenhaften  Zerfall  der  rothen 
Blutkorperchen  gesteigert  wird — tritt  den  Gedankeu  nahe,  dasSi 
unter  normalen  Yerhaltnissen,  der  Zerfall  rothen  Blutkorper- 
chen, selbstverstandlich  innerhalb  bestimmten  physiologischeu 
Grenzen,  ein  Anregung  zur  Gallen-secretion  gebe." 

Paschkis  {Wiener  Med.  Jahrk,  1884,  S.  293)  has  further 
shown  that  these  well-known  blood-corpuscle-destroying  agents, 
the  salts  of  the  bile  acids,  are  exceeding  powerful  cholagogues. 

All  evidence  on  the  subject,  therefore,  goes  to  show  that  the 
destruction  of  blood-corpuscles,  and  the  consequent  setting  free 
of  hsemoglobin  in  the  blood,  does  lead  to  a  great  increase  in  the 
secretion  of  bila 

That  urea  formation  also  is  connected  with  destruction  of 
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blood-corpuscles  was  first  suggested  by  Fiihrer  and  H.  Ludwig 
( Vierordts.  Arch.,  Bd.  xiv.  S.  307)  while  Addison  in  1864  {Brit. 
Med.  Jour.,  vol.  i.  p.  202),  reasoning  from  different  data,  came 
to  the  same  conclusion.  The  arguments  of  these  authors  are 
full  of  fallacies,  and  the  facts  upon  which  their  theory  is  founded 
are  capable  of  various  different  interpretation. 

More  recently  Meissner,  in  a  paper  entitled  ''  Ein  Beitrage  zur 
kenntniss  des  Stoffwechsels  im  thierischen  organismus  {Ztsch. 
f.  rat  Med.,  Bd.  xxxi.  S.  234),  adduces  very  strong  evidence 
for  the  production  of  a  great  part  of  the  urea  in  the  liver  from 
blood-pigment.  It  is  impossible  to  discuss  fully  this  long  and 
ably  reasoned  paper,  but  one  or  two  of  his  arguments  must  be 
mentioned  here. 

No  tissue  of  the  body  functionates  so  long  as  the  blood, — to  the 
last  moment  of  life.  The  urea  excretion  during  starvation  also 
keeps  up  in  like  proportion.  Now,  fresh  corpuscles  must  be  con- 
stantly manufactured  up  to  the  last  moment  of  life,  and  when 
food  no  longer  supplies  the  material  the  muscles  and  fat  are  tlien 
used.  That  during  the  period  of  inanition  blood-corpuscles  are 
being  destroyed  is  shown  by  the  fact  (Bidder  and  Schmidt)  that  a 
not  inconsiderable  amount  of  bile  is  formed  up  to  the  time  of 
death,  and  it  is  no  longer  doubtful  that  the  biliary  colouring  matter 
are  derived  from  the  haemoglobin.  On  the  other  hand,  the  blood- 
corpuscles  do  not  diminish  much  during  starvation.  Since  Voit 
found  that  in  a  cat  the  blood  lost  only  4*8  grms.  of  fixed  sub- 
stances, a  much  smaller  loss  than  is  sustained  by  any  other 
tissue  in  the  body.  Panum  also  found  a  relatively  small 
reduction  of  the  quantity  of  blood,  and  no  diminution  in  the 
corpuscles  during  starvation.  The  lymph  stream  also  persist 
till  death,  and  in  the  lymph  system  blood-corpuscles  are  formed. 
The  chief  argument  for  his  theory  of  the  formation  of  urea  he 
considers  to  be  its  appearance  in  the  liver,  and  the  relation  of 
the  formation  and  destruction  of  blood -corpuscles  to  the  liver — 
the  former  very  doubtful — ^the  latter  certain,  the  liver  being 
the  only  organ  of  the  body  where  a  copious  destruction  of  the 
blood-corpuscles  can  be  detected.  The  fact  which  before  all 
other  supports  this  destruction  in  the  liver,  is  the  separation  of 
bile  pigments  which  are  derived  from  the  haemoglobin  (see 
Funke's  Lehrlitch  der  Physiol,  4  Aufl.  Bd.  I.  S.  262).  David  has 
shown  that  it  is  undoubted  that  destructiou  of  blood-corpuscles 
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occurs  in  the  liver  (JEin  Bdtrdge  zur  Frage  vher  die  Gerinnung 
des  LebervmeiMutes,  Dorpat,  1866).  He  entirely  denies  their 
formation  in  the  liver. 

Meissner's  arguments  are  of  no  small  value,  because  they  are 
founded  on  well-established  facts,  such  as  the  connection  of  the 
bile  secretion  with  blood  destruction  on  the  one  hand,  and  with 
urea  excretion  on  the  other ;  and  on  the  formation  in  the  liver 
of  both  bile  and  urea. 

That  haemocytes  really  are  broken  down  in  the  liver  has 
been,  since  the  appearance  of  David's  paper,  definitely  shown 
by  Nicolaides  {Arch  de  Physiologie,  T.  x.  p.  531,  1882),  who 
found  a  very  marked  diminution  in  the  number  of  corpuscles  in 
the  portal  vein,  a  dimination  which,  during  active  digestion,  was 
frequently  as  great  as  from  1,000,000  to  2,000,000.  In  four 
observations  made  on  fasting  animals  this  difference  was  fouud 
to  be  much  smaller. 

In  investigating  this  connection  between  urea  formation  and 
excretion  of  haemoglobin  as  bilimbin  by  the  liver  two  methods 
are  open  to  us.  We  may  either  directly  inject  haemoglobin  and 
study  its  effect  on  the  niea  excretion,  or  we  may  destroy  blood- 
corpuscles  within  the  body  of  the  animal  by  the  administration 
of  drugs  which  have  outside  tbe  body  been  proved  to  have 
haemolytic  action. 

In  order  to  avoid  the  infliction  of  pain,  I  have  adopted  the 
latter  method. 

For  the  purpose  of  breaking  down  corpuscles  I  have  employed 
pyrogallic  acid,  and  the  salts  of  liie  bile  acids,  the  direct  influence 
of  which  on  haemocytes  has  been  for  long  well  known. 

In  these  experiments  healthy  dogs  in  a  state  of  nitrogenous 
balance  (stickstoifgleichgewicht)  were  used,  and  a  detailed  ac- 
count of  the  method  of  observation  will  be  fouud  in  the  Journal 
of  AncU.  and  fhysid.,  vol  xx.  p.  268. 

Exp,  I. 

A  healthy  setter  bitch,  weighing  14*96  kilos.,  h^d  been  kept  upon  a 
diet  of  porridge  and  milk  till  the  urea  excretion  became  ocuBtant. 
Pyrogallic  acid  was  then  administered  by  the  mouth.  Its  influence  on 
the  urea  excretion  is  shown  in  the  accompanying  chart  and  in  fig.  1. 
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Dtyof 
Exp. 

Qnantitr  of 
Urine  k 

Sp.  G. 

Urea  in 
grais. 

1  766-6784 

1011 

7-404 

Weight  ofdog-U-Se  Idlos. 

(786-8734 

1010 

1)84 

1009 

HflH 

Milk,    .    S20o.cs. 

856 

1009 

m 

810 

1009 
1012 

13 

988 
182 

1  em.  pyrogUic  aciiL 
l-Sgnn.      „ 

7S0 

1009 

968 

1009 

480 

)83G 

1009 

7-480 

Exp.  I. — Influence  of  pjrogBllic  acid  an  excretion  of  una. 
1  grni.  given  at  a,  and  1  -6  gna.  tit  A. 

Exp.  IL 

In  the  second  experiment  I  employed  the  mixed  salts  of  the  bile 
acids — the  ordinary  "  crystalline  bile  "  derived  from  ox  bile.  This 
was  given  by  the  mouth,  and  hence  only  acted  when  exhibited  in 
large  doses,  since,  as  we  know,  much  of  these  acids  is  deeompoeed  in 
the  intestines,  and  therefore  a  small  paft  is  absorbed  unchanged,  and 
in  a  form  capable  of  destroying  corpuscles. 

The  same  dog  was  used,  and  the  conditions  of  the  experiment  are 
precisely  similar  to  those  in  Exp.  L 
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Day. 

Ui-i.,e  in  c.«u 

Sp.  G. 

Dreaiu 
grma. 

!                   Remarks. 

660 

loie 

8-600 

1     WeightotdoK-14-96kilo«.       | 

2 

760 

1009 

8-800 

1     Diet  aa  in  previaua  Kxp.             | 

3 

660 

1009 

8 '408 

2  gmiB.  orvfltalline  bile.              ; 

2-6   „            ,.            „                1 

t 

ESQ 

1010 

6-742 

5 

600 

1014 

8-640 

«      „            >,            „                1 

• 

880 
qosntit?  lost 

lOlG 

880 

1008 

a-86e 

8 

690 

1011 

7-404 

9 

810 

1010 

8-084 

I 

T.np.  II.— laflaence  of  saltaof  bile  acid  on  urea  excretion. 
2  grm.  given  at  n,  2-5  grm.  at  b,  and  6  grm.  at  c. 

These  experiments  show  that  the  action  of  these  hsemocytic 
agents  is  accompanied  hy  an  increased  production  of  urea. 

But  more  than  this  is  required  to  establish  the  [act  that  this 
increase  is  solely  and  purely  due  to  the  destruction  of  blood- 
corpuscles.  We  must  be  able  to  show  a  definite  tclationahip 
between  the  number  of  corpusclcB  destroyed,  i.e.,  the  amount  of 
hffimoglobia  to  be  excreted,  and  the  urea  pi-oduced.  I  liave 
accordiugly  undertaken  the  following  experiments,  in  which  the 
urea  was  daily  estimated  and  the  hiemocytes  daily  enumerated 
before  and  after  the  administration  of  some  hsemocytic  agent,  in 
order  that  a  calculation  m^ht  be  made  of  the  increase  in  the 
production  of  urea  on  the  one  hand,  and  the  amount  of  hn?mo- 
globin  liberated  on  the  other. 

From  such  a  mothod  of  research  only  approximate  results  can 
be  expected,  since,  in  the  first  place,  the  only  available  method  of 
enumerating  theJifemocyte,  by  Hayem'e  or  Gower'a  hssmocyto- 
meter,  is  not  absolntely  correct    In  addition  to  this,  for  such  a 
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research  as  the  present,  where  the  object  is  to  ascertain  the  total 
number  of  corpuscles  destroyed,  the  disturbing  element  increased 
production,  which  in  all  probability  follows  increased  destruction 
of  corpuscles,  just  as  it  follows  any  loss  of  blood  must  tend  to 
vitiate  results.  During  the  first  day  or  two  of  any  increased 
destruction,  this  increased  production  will  make  itself  less  felt 
than  after  the  economy  has  had  time  to  attempt  to  re-establish 
the  normal  condition. 

Another  source  of  fallacy,  which  must  be  borne  in  mind,  is 
the  difficulty  of  calculating  the  amount  of  haemoglobin  in  I'ela- 
tionship  to  the  weight  of  the  dog.  In  estimating  the  amount  of 
blood,  I  have  followed  Bischoff  and  Welcker,  and  in  regard  to 
percentage  of  haemoglobin  present  I  have  accepted  Preyer's  re- 
sults (Die  Blutkrystalle). 

Two  hypothetical  formulae  have  been  suggested  to  repre- 
sent the  disintegration  of  the  haemoglobin  molecule.  That  of 
Zuelzer  {Untersuch  il,  die  Semidogie  des  ffams,  Berlin,  1884) 
need  not  here  be  considered,  since  it  implies  a  great  production 
of  bile  acids,  which,  according  to  the  observations  of  Tarchanofif 
and  of  Stadelman,  does  not  occur.  Charles  (Brit.  Med.  Jour,, 
1885,  vol.  L  p.  820)  suggests  the  following  decomposition  of  two 
molecules  of  haemoglobin : — 

C,2oo  Hiwo  Nso8  F^2  S«  0,58  +  501  0  +  I82H2O  +  6H0SO4  -  Ye.,  Oj. 


. 

C. 

H. 

N. 

0. 

2  Bilirubin,     . 

64 

72 

8 

12 

160  Urea, 

160 

600 

800 

150 

82  Glycogen,     . 

960 

1600 

— 

800 

26  Carbonic  Acid, 

26 

— 

52 

1200  2272  308  1014 


It  is  interesting  to  observe  that  in  both  these  hypothetical 
decompositions  a  process  of  oxidation  is  supposed  to  occur,  a  fact 
which  fully  agrees  with  Ehrlich's  recent  experiments  in  regard 
to  the  reduction  of  methyl  blue  in  the  liver  as  well  as  in  the 
lungs  {Cbtf.  Med.  Wissenach.,  Feb.  21, 1885). 


c.     . 

.      64-00 

Fe,      . 

0-42 

H.      . 

7  '25 

s,      . 

0-68 

N,      . 

.       16-26 

0. 

•      .       21-46 

Considering  the  percentage  composition  of  haemoglobin  from 
these  data  we  may  calculate  tlie  initial  amount  of  haemoglobin  in 
the  blood  of  an  animal,  and  the  amount  set  free  by  the  disinte- 
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gnition  of  corpuscles,  we  see  that  200  grms.  of  this  eabstaace 
corresponds  to  32-5  gmi&  of  nitrt^n,  and  from  the  above 
formulie  it  appears  that  about  4  grms.  must  go  to  the  tormatioh 
ot  bilinibiD,  leaving  28  grms.  to  supply  the  nitrvgea  of  urea. 
So  200  grms.  of  bBsmoglobin  may  thus  yield  60  grms.  of  urea, — 
the  percentage  of  nitrogen  in  urea  being 466, — that  is,  1  gnu. 
of  urea  will  represent  3'3  grms.  of  hiemoglobin. 

Ejy.  III. — Pyeoqallic  Acid. 
In  this  experiment  a  laigeblaek  retriever,  weighing  15*43  kilos.,  was 
used.    The  diet  and  details  of  the  experiment  are  given  in  the  accom- 
panying table  and  figure : — 


Day  of 
Exp. 

Urin«in 

grms. 

per  c.  mm. 
of  blood. 

iK 

Remarks. 

1 

JBOO 

6-800 

Diet-Oatmeal,  169-8 

2 

I 

isoo 

400 

6-800 
5-998 
5-99S 
5-450 

BiS.'-S^'^ 

e 

(«.■; 

5643 

15 '42 

7 

\m 

B643 

7,480,000 

{igrms.  of  pyrogallic  if  ill 
{      urine  dark  inoolonr— 

8 

soo 

9'4S3 

8,615.000 

1      no  albnmeli. 

9 

48S 

8-617 

7,275,000 

tJrine  rtill  dMt. 

10 

(47.% 

8-220 

U 

\m 

6-220 

7.270.000 

15-42 

Exp.  III.— Infloance  of  pyrogallicadd  on  urea  excretion  and  the 
number  of.lueino^ftes.     2  grms.  administered  at  a. 

Before  the  administration  of  the  drug  the  corpuBclcw  were  7,460,000 
per  cmm.,  but  at  the  end  of  the  second  day,  aftei  the  exhibition  of 
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pyrogallic  acid,  they  fell  to  6,615,000.  Kow,  the  blood  of  a  dog  is 
about  ^  of  its  weight,  therefore  in  this  case  the  dog  had  1186*3  gniis. 
of  blood.  The  haemoglobin,  according  to  Freyer,  is  in  the  dog  13*8 
per  cent,  of  the  weight  of  the  blood — in  this  case  probably  a  little  less, 
as  the  corpuscles  did  not  reach  the  usual  number,  about  7,800,000 
to  8,000,000,  which  would  make  the  percentage  about  13*4  instead  of 
13*8,  and  the  weight  of  the  hsBmoglobin  129  grm& 

Now,  under  the  administration  of  the  drug  the  corpuscles  fell  from 
7,460,000  to  6,615,000,  so  15  grms.  of  hsemoglobin  must  be  set  free ; 
and  since  3 '3  grms.  of  haemoglobin  equal  1  grm.  of  urea,  this  will  equal 
4*54  grms.  of  urea,  an  amount  corresponding  very  closely  to  the  actual 
increase  of  4*556  grms.  for  the  two  days. 

Exp.  IV. — Ptrooallio  Acid. 

For  seven  days  before  the  exhibition  of  the  drug  the  dog,  a  healthy 
setter  bitch,  had  passed  on  an  average  7*679  grms.  of  urea  per  diem. 
The  corpuscles  at  the  end  of  the  6th  and  7th  day  were  7,866,000, 
and  7,850,000,  being  an  average  of  7,860,000  per  cmm.  The  weight 
of  the  dog  was  13 '607  kilos.  Calculating  from  Bischoff's  results  we 
see  that  the  blood  weighed  1046  grms.,  which  will,  according  to  Preyer, 
contain  144*348 — say  144  grms.  of  haemoglobin. 

On  the  8th  day  2  grms.  of  pyrogallic  acid  were  given,  and  another 
1*5  grm.  were  administered  on  the  9th  day. 

At  the  end  of  the  10th  day  the  corpuscles  had  fallen  to  5,190,000 
per  cmm.,  indicating  a  destniction  of  2,670,000  per  cmm.  Ctdculating 
from  the  above  data  we  find  that  this  indicates  a  liberating  of  48*9 
grms.  of  haemoglobin.  And  as  we  have  already  seen  that  3*3  grm&  of 
haemoglobin  is  equivalent  to  1  grm.  of  urea,  we  should  expect  to  find,  if 
all  the  haemoglobin  was  excreted  as  bilirubin  urea,  &c.,  an  increase  of 
14 "6  grms.  of  urea  above  the  normal.  But  a  considerable  part  of  the 
haemoglobin  escaped  the  action  of  the  liver,  and  was  excreted  in  the 
urine  as  such.  Accordingly  we  find  a  rise  of  only  11*855  grms.  of 
urea  above  the  normal 

During  the  next  twenty-four  hours  the  corpuscles  fell  to  2,604,000 
per  cmm.,  indicating  a  further  liberation  of  40  grms.,  of  haemoglobin, 
corresponding  to  12*1  grms.  of  urea.  But  the  urine  still  contained 
blood-pigment  and  we  find  an  increase  of  only  10*855  grms.  of  urea. 

Next  day  the  corpuscles  fell  from  2,604,000  to  1,876,000,  which 
represents  the  liberation  of  11*2  grms.  of  haemoglobin,  yielding 
3*4  grms.  of  urea.  In  reality  the  urea  in  the  urine  was  13*4  grms. 
above  the  normal.  Such  an  excess  does  not,  however,  tell  against  the 
formation  of  urea  from  haemoglobin,  since  at  this  period  of  the  experi- 
ment the  increased  production  of  blood-corpuscles  tended  to  mask 
the  increased  destniction.  That  this  is  the  explanation  is  rendered 
probable  by  the  appearance  at  this  time  of  numerous  microcytes  in  the 
blood. 
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I  here  introduce  an  experiment  on  the  actiou  of  aalicylste  of 
soda  on  the  blood-corpuscles  and  urea  production.  At  a  later 
part  of  this  paper  I  shall  enter  more  fully  into  the  hfemocytic 
action  of  this  drag.  This  experiment  is  not  so  satisfactory  as  the 
two  former,  because  at  the  time  the  dog  was  recovering  from  the 
aniemift  produced  by  pyrogalUc  acid,  and  blood-production  was 
greatly  in  excess  of  destruction.  Nevertheless,  the  effect  of  the 
destruction  of  blood  on  the  first  two  days  of  the  experiment  was 
well  marked,  though  on  the  third  day  the  urea  prodnced  was  not 
connected  with  any  apparent  fall  in  the  corpuscles — in  all 
probability  because  here  again  increased  production  completely 
masked  the  procesn  of  disintegration. 
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JiZp.   V. — SiUCVLATE  OF  SODA. 

This  experinietit  is  Taenlj  a  contmuation  of  Exp.  IV.  From  the  1 7th 
to  the  25th  day  the  average  excretion  of  urea  was  6303  grms.  per 
diem.  Froni  the  13th  to  the  24  th  the  corpuscles  had  iocreased  at  the 
avenge  rate  of  354,400  per  c.mm.  per  diem.  Thus  if  no  increased 
deatmdinu  had  been  indii«*il  they  wonid  have  reached  6,774,000  on 
the  25th  day,  6,028,800  on  the  '26Ui,  and  6,883,000  on  the  27th. 


UREA  FORMATION  AND  BILE  SECRETION.  531 

We  may  theiefoie  consider  that  upon  the  25th  a  fall  of  corpuscles 
from  6,674,000  to  5,200,000  occurred.  Now,  calculating  from  our 
previous  data,  and  allowing  for  the  loss  of  weight  in  the  dog,  we  see 
that  such  a  fall  will  set  free  8*3  grms.  of  hsemoglobin,  which  will 
correspond  to  2*5  grms.  of  urea.  In  reality  the  excess  over  the  normal 
on  this  day  was  1*424  grms.  of  urea. 

Next  day  the  fall  in  the  number  of  corpuscles  must  be  calculated  at 
from  6,200,000  +  354,400  =  5,754,400  to  4,555,000,  which  wiU  yield 
15 '7  grms.  of  hiemoglobin,  equivalent  to  4*757  grms.  of  urea;  but  this 
even  with  the  surplus  1 076  gnns.  of  the  previous  day  falls  short  of  the 
actual  increased  production  by  0*911  grms.  As  is  probably  indicated 
by  the  marked  increase  on  the  next  day,  when  the  corpuscles,  in  spite 
of  the  presence  of  the  drug  in  the  system, — as  demonstrated  by  its  appear- 
ance in  the  urine, — ^rose  from  4,555,000  to  5,105,000,  the  increased 
production  was  already  tending  to  mask  the  amount  of  destruction. 
On  the  next  day  it  is  impossible  to  say  whether  or  not  any  destruction 
occurred,  since  a  rise  instead  of  a  fall  in  the  number  of  ha^mocy tes  was 
noted. 

We  thus  see  that  both  the  secretion  of  bile  and  the  production 
of  urea  depend  in  large  measure  upon  the  destruction  of  blood- 
corpuscles,  and  that  through  this  they  necessarily  bear  a  direct 
relationship  to  one  another. 

In  confirmation  of  these  conclusions,  I  shall,  in  the  next  place, 
give  the  results  of  a  series  of  observations  on  the  action  on  the 
red  blood-corpuscles  of  spme  of  the  more  important  cholagogues 
which  I  have  already  shown  increase  the  urea  production. 


(To  be  continved.) 


ON  THE  HIND-LIMB  OF  ICHTHYOSAURUS,  AND  ON 
THE  MOBPHOLOGT  OF  VERTEBHATE  LIMB&    By 

D'Arcy  W.  Thompson,  B,A.,  Professor  of  Bidogy  in  Vnirer- 
sity  Cc^ege,  Dundee} 

I  AM  indebted  to  Profeasor  Tarner  for  the  opportn&Lty  of  study- 
ing a  remarkable  Bkeleton  ascribed  to  Iddhyotaurus  platyodon. 
in  the  Anatomical  Museum  of  Edinburgh  University.  The 
interest  of  this  specimen  centres  in  the  hind-limb,  which  presents 
several  exceptional  features.  In  the  first  place,  the  femnr  has 
articulated  with  it  three  bones,  identi  liable  as  tibia,  intermedium, 
and  fibula,  as  in  Marsh's  Sauranodon  {Bapiariodon),  and  as  in 
the  limb  fignred  as  Plioaavmix  poHlandiais  by  Owen  (Foasif 


1.  Hiod-limb  of  Sauranodon  (afUr  Hsnh).    2.  Left  liind-limb  of  IiAihyoMUTUs 

platyodon.      3.    Typiusl    hiiitUlimb    of  J-Mkj/onnariu   (after    Hulli«).    /f, 

lemur  ;    T.F.,  tibia   ud  fibula  ;  I.  /.,  tjbiale,  fibulnre ;  i.,  in  termed!  nm  ; 

■■,  e*,  d",  centralis. 

Reptiles),   but    ascribed     to    Plesmanrus    Manseli   by   Hulke 

{Q.J.G.S.,  1883,  Suppl.,  p.  52).^    Tliis,  therefore,  is  an  additional 

>  The  substrtnre  of  thin  juiper  vrM  communicated  to  the  British  Auociation  «t 
AberdtwD,  ia  August  ISSR. 

■  Long  ago  Bucklaud,  in  his  Bridgewater  Traatise,  figured  /.  plaiyodim  with 
three  elementa  in  the  proximal  tarsal  row ;  but  the  circumitatice   paased  on- 
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proof  that  the  primary  location  of  the  intermedium  is  in  the 
propodial  segment  of  the  limb.  So  far  the  Edinburgh  specimen 
is  only  equally  archaic  mth  the  American  Sauranodon,  but  in 
the  following  feature  it  surpasses  it  in  primibiveness. 

The  limb  of  Sauranodon  contains  in  its  next  segment  four 
bones,  and  so  probably,  to  judge  from  its  articular  surfaces,  did 
that  of  Pliosaurus.  That  is  to  say,  granted  that  the  bones  already 
mentioned  are  rightly  identified,  we  have  in  the  proximal  segment 
of  the  tarsus  a  tihiale,9L  fivlare, and  two  centralia.  In  the  Edin- 
burgh Ichthyosaurus  we  have  one  cerUrcUe  only ;  and,  moreover, 
we  have  again  in  the  next  succeeding  segment  three  bones  only 
(tarsalia),  whereas  we  have  6ve  in  the  corresponding  region  of 
Marsh's  Sauranodon. 

So  far  then  we  have  three  longitudinal  series  of  bones  in 
perfect  symmetry,  formed  of  three  bones  in  the  propodium,  three 
in  the  proximal  region  of  the  tarsus,  and  three  in  the  distal. 
And  these  three  longitudinal  rows  continue  distinct  to  the  distal 
extremity  of  the  limb.  Two  other  longitudinal  series  of  bones 
exist;  one,  a  somewhat  irregular  series  of  rounded  discoid 
ossicles,  separate  from  one  another  and  without  articular  fat^ets, 
is  applied  to  the  tibial  side  of  the  limb,  commencing  immediately 
distal  to  the  tarsus  but  not  directly  articulated  with  it ;  the 
other,  commencing  at  the  same  level,  is  inserted  between  the 
median  and  the  external  or  fibular  row. 

The  appearance  of  the  limb  suggests  at  once  that  both  of  these 
rows  are  accessory  and  not  primitive.  If  we  may  consider  the 
ground-plan  of  the  limb  apart  from  them,  we  have  simply  three 
segmented  rays  or  longitudinal  series  of  bones  symmetiically 
articulated  with  a  basal  segment. 

While  the  limb  of  Sauranodon  seemed  to  be  a  weighty  argu- 
ment in  support  of  Gegenbaur's  theory  of  the  primarily  double 
nature  of  the  ceTitrale,  the  present  example  seems  to  me  a  still 
more  potent  argument  against  it;  for  the  common  tjrpe  of 
Ichthyosaurian  limb  must  be  considered  intermediate  between 
that  of  the  present  example  and  the  typical  cheiropterygium  of 
the  higher  vertebrates ;  and  we  pass  from  our  present  case  to 
the  typical  Ichthyosaurus,  by  transverse  cleavage  of  the  centrale 
and  apportionment  of  its  outer  moiety  to  the  interstitial  digit 

It  is  perhaps  equally  easy  to  pass  downwards  from  this  limb  to 
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the  fin  of  Gehes.  AssamiDg  the  femur  to  rcpreeent  tlie  baei- 
pterygium  (Balfour),  we  have  here  three  basalia,  which  by  elon- 
gatioQ  and  segmentation  may  be  supposed  to  have  given  rise  to 
the  distal  portion  of  the  fin. 

Fig.  2. 


Felvia  and  hindlimb  of  Fiahee.  1. 
terns  ;  4.  Protopterus-  p.,  pubU 
buipUrygium ;  b,,  basalia. 

And  the  limb  has  a  close  parallel  resemblance  to  that  of 
Pulypterus,  which  is  derivable  by  simihtr  processes  (with  con- 
temporaneoQB  degeneration  of  the  pelvis)  from  the  Elasmobranch 
limb.  Id  Polypterna  (where  I  concur  with  Davidoff  that  the 
bone  commonly  called  pelvis  ie  actoally  the  baripterygium)  the 
basalia  are  reduced  to  four,  or  as  in  one  specimen  which  I  have 
dissected,  actually  to  three. 

It  need  hardly  be  said  that  this  new  conception  of  the 
'Enaliosanrian  limb  is  wholly  incompatible  with  Qegenbaur'e 
view.  For  Qegenbaur  looks  upon  the  whole  radial  (tibial)  side  of 
the  EnalioeauriBD  or  higher  vertebrate  limb,  beginning  with  and 
including  the  humerus,  as  homologous  with  the  basal  series  of  the 
Selachian  metapterygium  (=bftaipt«rygium),  the  other  elements 
c&  the  limb  being  attached  laterally  to  tJie  base,  on  the  olnar 
(fibular)  side.  While  on  the  present  view,  the  humerus  (femur) 
is  the  only  basal  representative,  and  to  it  ore  attached  radial, 
ulnar,  and  intermedial  rays. 

It  remains  to  be  seen  whether  an  explanation  can  be  found 
for  the  Bipnoan  limb,  which  has  remained  unexplained  since 
the  view  became  untenable  that  it  was  superlatively  archaic 
In  the  fin  of  Protopterus,  the  segment  articulating  with  the 
pelvis  is,  I  take  it,  a  true  basipterygium.    To  it  I  have  found 
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attached  two  small  nodules  of  cartilage,  between  which  is  the 
main  axis  of  the  fin.  Here  we  seem  to  have  three  basalia,  two 
aborted,  and  one  only  continued  into  a  segmented  ray,  as  are  all 
in  our  Ichthyosaurus.  While  in  Ceratodus,  we  are  reduced  to 
supposing  that  this  one  segmented  ray  has  branched  laterally, 
in  order  to  give  breadth  and  strength  to  the  fin. 

In  the  fore-limb  of  the  Edinburgh  Ichthyosaurus,  the  iuter- 
mediam  no  longer  articulates  with  the  humerus,  and  the  centrale 
is  already  double;  so  that  hei'e  we  have,  as  usual,  a  marked  pre- 
ponderauce  of  archaic  features  in  the  hind  as  compared  with  the 
fore-limb. 


Editorial  Note. — ^This  specimen  of  Ichtkyoaaurus  from  Lyme  Regis, 
Dorsetshire,  was  at  one  tune  the  property  of  Sir  William  Jaidine, 
Bart.,  of  Applegarth.  It  was  purchased  at  the  sale  of  his  scientific 
collection  by  Professor  Archibald  Geikie  for  the  University  of  Edin- 
buigh,  and  is  now  displayed  in  the  vestibule  of  the  Anatomical 
Museum  in  the  New  Buildings  of  the  Medical  School — ^W.  T. 


THE  LUMBAR  CURVE  OF  THE  SPINAL  COLUMN  IN 
SEVERAL  RACES  OF  MEN.  By  Professor  Sir  Wiluam 
Turner,  M.B.,  LLD.,  F.R.S. 

In  the  course  of  the  investigations  into  the  modifications  of 
the  skeleton  in  different  races  of  men,  which  I  have  been  con- 
ducting in  connection  with  my  Report  on  the  Human  Skeleton 
for  the  Reports  of  H.M.S.  "Challenger,"  I  have  measured  the 
bodies  of  the  lumbar  vertebrae,  with  the  view  of  ascertaining  if 
modifications  existed  in  their  vertical  diameter,  anteriorly  and 
posteriorly,  which  might  affect  the  lumbar  curve  of  the  spine. 
If  the  vertical  diameter  of  the  series  uf  lumbar  bodies  be  less 
anteriorly  than  posteriorly,  then  the  lumbar  region  possesses 
(if  this  be  not  compensated  for  by  modifications  in  the  thick- 
ness of  the  intervertebral  discs)  an  anterior  concavity,  continu- 
ous with  the  anterior  concavity  in  the  dorsal  region;  and  an 
approximation  to  the  curvature  of  the  spine  is  produced,  such  as 
is  characteristic  of  the  spinal  column  in  all  mammals  except  man. 
Anatomists  are  in  the  habit  of  teaching  that  the  human  spine 
is  convex  forward  in  the  lumbar  region,  so  that  a  lumbar  con- 
vexity is  interposed  between  the  thoracic  and  sacral  concavities, 
and  contributes  to  the  alternating  series  of  concavo-convex 
curves  of  the  spinal  column,  which  are  associated  with  the  erect 
attitude  of  man.  My  belief  in  the  universality  of  the  view 
that  the  human  spine  is  invariably  convex  forward  in  the 
lumbar  region  was  disturbed  some  years  ago, '  when  Charles 
Robertson,  Esq.,  of  the  Oxford  Museum,  showed  me  the  skeleton 
of  an  aboriginal  Australian  in  that  museum,  which  he  had 
articulated  in  1873.  Mr  Robertson  told  me  that  the  skeleton  was 
that  of  an  adult  male  of  the  Tomki  tribe  of  the  Richmond  River, 
N.S.W.  In  it  there  was  a  continuous  curve,  concave  forwards 
through  both  thoracic  and  lumbar  regions.  As  the  skeleton  was> 
however,  artificially  articulated,  the  question  naturally  arose  in 
one's  mind  if  this  modification  in  the  lumbar  curve  might  not 
have  been  produced  by  some  peculiarity  in  the  method  of 
articulation,  and  was  not  therefore  natural  to  the  spine.  Since 
I  saw  this  skeleton,  however,  Mr  Robertson  has  written  to  tell 
me  of  another  adult  male  from  Fort  Augusta,  South  Australia, 


THE   LUMBAR   CURVE  OF  TBB  SPINAL  COLUMN.  537 

articulated  in  1878,  which  exhibited  a  similar  concavity  in  the 
lumbar  region,  and  that  the  articulated  skeletons  of  a  Gilbert 
Islander  and  a  male  Andaman  Islander  have  a  similar  lumbar 
concavity,  though  not  so  well  marked.  Before  I  had  heard, 
however,  of  these  later  specimens  in  the  Oxford  Museum,  I  had 
examined  the  lumbar  vertebrae  in  the  series  of  spines  at  my 
disposal,  and  had  obtained  some  interesting  results. 

Two  important  factors  contribute  to  the  curve  in  the  lumbar 
region,  viz.,  the  vertebral  bodies  and  the  intervertebral  discs.  The 
exact  share  contributed  by  each  of  these  parts  can  only  be 
ascertained  with  precision  by  the  method  of  observation  which 
Professor  D.  J.  Cunningham,  of  Trinity  College,  Dublin,  is  con- 
ducting, of  making  longitudinal  mesial  sections  through  the  long 
axis  of  the  spine  in  frozen  subjects,  and  then  carefully  measur- 
ing the  relative  thickness  both  of  the  vertebral  bodies  and  the 
discs.  In  the  absence,  however,  of  the  fresh  bodies  of  Austral- 
ians and  other  aborigines,  I  have  been  precluded  from  obtain- 
ing any  information  on  the  thickness  of  the  discs,  and  have  been 
restricted  to  the  examination  of  the  vertebrae  themselves,  so  far 
as  they  have  been  preserved  in  the  skeletons  which  have  reached 
me.  I  have  measured,  therefore,  the  vertical  diameter  of  the 
body  of  each  lumbar  vertebra,  both  in  front  and  behind,  and 
have  noted  the  difference  in  each  vertebra,  and  in  the  series  of 
lumbar  vertebrse  in  each  spine. 

In  order  to  obtain  some  data  for  comparison  I  measured  the  lumbar 
vertebrae  in  twelve  adult  European  spines,  the  majority  of  which  were 
males,  and  found  that  the  vertical  diameter  of  the  anterior  surface  of 
the  bodies  of  the  five  vertebrae  in  each  spine  was  collectively  greater 
than  the  vertical  diameter  of  the  posterior  surfaces  in  the  same  spine. 
The  maximum  difference  between  the  collective  depth  of  these  sur- 
faces in  the  series  of  five  vertebrae  was  1 1  mm.  in  one  skeleton,  and 
the  minimum  difference  was  1  mm.  in  another  skeleton.  The  mean 
collective  depth  of  the  five  vertebrae  in  the  twelve  Emropean  skeletons 
was  137  mm.  for  the  anterior,  and  131*4  for  the  posterior  surface,  the 
inean  difference  therefore  was  5*6  mm.  in  favour  of  the  anterior  sur- 
face. If  we  were  to  assume  that  in  these  spines  each  intervertebral  disc 
was  of  equal  thickness  throughout,  then  the  greater  thickness  of  the 
vertical  diameter  of  the  bodies  in  front  than  behind  in  each  spine 
would  give  a  slight  convexity  forwards  to  the  spinal  column  in  the 
lumbar  region.  £ut  there  is  reason  to  believe  that  this  difference  in 
vertical  diameter  is  not  limited  to  the  vertebral  bodies,  and  that  some 
of  the  discs  also  are  thicker  anteriorly  than  posteriorly  so  as  to  increase 
the  anterior  convexity. 

VOL.  XX.  2  M 
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If  we  now  examine  the  individual  lumbar  vertebrsB  in  each  of  these 
European  spines  we  shall  find  that  with  only  two  exceptions  the  body 
of  the  1st  lumbar  vertebra  was  deeper  behind  than  in  front,  in  one 
instance  6  mm.,  in  another  4  mm.  but  usually  not  more  than  1  or  2  mm.; 
in  the  exceptional  cases  the  anterior  and  posterior  vertical  diameters 
were  equal  The  body  of  the  2nd  lumbar  was  deeper  behind  than  in 
front  in  six  spines ;  they  were  equal  in  depth  in  four  spines,  and  the 
anterior  surface  was  deeper  than  the  posterior  in  two  spines.  The 
body  of  the  3rd  lumbar  was  deeper  in  front  than  behind  in  ten  spines, 
and  in  two  they  were  equal.  The  body  of  the  4th  lumbar  was  deeper 
in  front  than  behind  in  eleven  spines,  and  deeper  behind  than  in  front 
in  one  specimen.  The  body  of  the  5th  lumbar  was  deeper  in  front 
than  behind  in  all  the  specimens.  From  these  spines  it  is  evident 
that,  whilst  in  the  1st  and  2nd  lumbar  vertebrae  the  body  was  deeper 
behind  than  in  front  in  a  considerable  proportion  of  the  specimens, 
in  the  3rd  and  4th  lumbar  the  reverse  occurred,  until  in  the  5  th 
lumbar  the  bodies  of  all  the  specimens  had  a  greater  vertical  diameter 
anteriorly  than  posteriorly,  and  this  indeed  is  a  character  of  the  5  th 
lumbar  that  has  long  been  recognised  by  the  descriptive  human 
anatomist.  In  this  series  of  twelve  European  spines,  if  we  take  the 
vertical  diameter  of  the  body  of  the  4th  lumbar  in  the  series  we  find 
that  it  amounts  to  336  mm.  for  the  anterior  surfaces  collectively,  and 
to  313  mm.  for  the  posterior  surfaces  collectively.  In  the  5th  lumbar 
the  vertical  diameter  of  the  anterior  surfaces  collectively  amounted  to 
337  mm.  and  the  posterior  surfaces  to  281  mm.;  the  mean  anterior 
depth  was  28  mm.,  the  mean  posterior  23 '4,  and  the  mean  difference 
in  favour  of  the  anterior  surface  was  4*6  mm.  Hence  it  follows  that 
of  all  the  lumbar  vertebrae  the  5th  has  much  the  greatest  proportional 
depth  at  the  front  than  at  the  back  of  its  body,  and  that  it  contributes 
more  than  any  of  the  others  to  the  anterior  convexity  of  the  lumbar 
portion  of  the  spinal  column. 

For  the  purposes  of  comparison  of  the  lumbar  region  in 

Europeans  with  that  in  the  spines  of  other  races  of  men,  it  may 

be  well  to  frame  a  lumbar  index  both  for  the  entire  region  and 

for  the  body  of  the  6th  lumbar.    If  we  assume  the  vertical 

diameter  of  the  bodies  of  the  five  vertebras  anteriorly  to  =  100, 

*i.     Li.   e        1    posterior  diameter  x  100        , ,     .      ^,     .   , 

then  the  formula  ^ : p would  give  the  index 

antenor  diameter 

required.    If  this  be  applied  to  the  lumbar  region  in  Europeans 

the  mean  index  in  them  of  the  series  of  five  vertebraB  is  95,  and 

the  mean  index  of  the  5th  lumbar  vertebra  itself  is  83. 

During  the  past  few  years  I  have  collected  the  skeletons  of  seven 
adult  aboriginal  Australians, — six  men  and  one  woman.  In  four  of  the 
men  the  lumbar  spine  is  complete,  in  one  the  last  lumbar  vertebra  has 
been  lost,  in  another  the  3rd,  4th,  and  5th  lumbars  are  absent ;  in  the 
woman  all  the  lumbars  are  present.     In  each  of  the  five  skeletons  in 
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which  the  lumbar  spine  was  complete,  the  vertical  diameter  of  the 
bodies  of  the  five  vertebraB  collectively  was  deeper  behind  tban  in  front ; 
the  maximum  difference  observed  in  three  male  skeletons  was  9  mm., 
the  minimum  in  the  woman  was  2  mm.  The  mean  collective  depth  of 
the  five  vertebrsB  in  the  five  perfect  Australian  skeletons  was  112*2  mm. 
for  the  anterior  surface  of  the  bodies,  and  118*8  mm.  for  the  posterior 
surface;  the  mean  difference,  therefore,  was  6*(i  mm.  in  fi&vour  of  the 
posterior  surface.  In  the  relation  of  the  vertical  diameter  of  the 
posterior  surface  to  the  anterior  surface  the  opposite  condition  prevailed 
to  that  which  was  found  in  the  Europeans.  In  the  skeleton  in  which 
the  5th  lumbar  was  absent  the  collective  diameter  of  the  four  lumbors 
was  3  mm.  greater  behind  than  in  front.  Before,  indeed,  I  had 
measured  the  vertebraa  in  these  Australians,  I  found  that^  when  the 
lumbars  in  each  spine  were  articulated  together,  the  bodies  gave  a 
concave  curve  forward,  and  not  a  convex  curve  as  in  the  Eun^ean  spine, 
so  that  I  was  not  surprised  to  see,  when  the  bodies  were  measured,  that 
collectively  they  were  deeper  posteriorly  than  anteriorly. 

When  the  measurements  of  the  individual  lumbar  vertebrae  in  the 
series  of  Australian  spines  were  examined,  it  was  seen  that  the  body 
of  the  1st  lumbar  vertebra  in  every  instance  was  deeper  behind  than 
in  front,  in  four  skeletons  as  much  as  4  mm.  The  body  of  the  2nd 
lumbar  was  with  one  exception  deeper  behind  than  in  front,  in  two 
specimens  as  much  as  4  mm. ;  in  the  exceptional  vertebra  the  depth 
in  front  was  1  mm.  greater  than  behind.  The  body  of  the  3rd  lumbar 
in  four  skeletons  was  deeper  behind  than  in  front ;  in  one  skeleton 
they  were  equal,  and  in  another — ^the  adult  female — ^the  anterior 
diameter  was  1  mm.  deeper  than  the  posterior.  The  body  of  the  4th 
lumbar  was  deeper  behind  than  in  front  in  three  skeletons ;  these 
diameters  were  equal  in  one,  and  in  two  the  anterior  diameter  was 
greater  than  the  posterior.  The  body  of  the  5th  lumbar  was  deeper 
in  front  than  behind  in  all  the  five  complete  skeletons,  the  maximwfii 
difference  between  the  two  surfaces  being  3  mm. 

When  these  dimensions  are  compared  with  those  obtained  from  the 
European  spines,  it  will  be  seen  that  in  the  1st,  2nd,  and  3rd  lumbars  the 
body  was  more  constantly  deeper  behind  than  in  front  in  the  Australians 
than  in  the  Europeans.  In  the  4th  lumbar,  whilst  it  was  the  exceptioii 
in  the  Europeans  for  the  body  to  be  deeper  behind  than  in  front,  in 
the  Australians  one-half  the  skeletons  exhibited  this  relation.  In  all 
the  Australians,  as  in  the  Europeans,  the  body  of  the  5th  lumbar  was 
deeper  in  front  than  behind ;  the  mean  vertical  diameter  of  the  anterior 
surfaces  was  23*2,  and  of  the  posterior  21*2,  a  difference  of  2  mm.  only 
in  favour  of  the  anterior  surface;  whilst  in  the  Europecms  the  anterior 
surface  was  on  the  average  4*6  mm.  thicker  than  the  posterior. 

The  mean  lumbar  index  in  the  AustraUana  was  105*8,  and  the  mean 
index  of  the  5th  lumbar  vertebra  was  91. 

In  my  single  male  Bush  skeleton  the  collective  vertical  diameter  of 
the  bodies  of  the  five  lumbar  vertebrae  was  108  mm.  anteriorly,  and 
115  mm.  posteriorly.  In  the  1st,  2nd,  and  3rd  lumbars  the  posterior 
diameter  exceeded  the  anterior ;  in  the  4th  these  two  diameters  were 
equal,  and  in  the  5th  the  anterior  diameter  was  1  mm.  greater  than 


540  PROFESSOR  TORNER. 

the  posterior.  The  proportions  in  this  skeleton  closely  corresponded 
to  what  was  seen  in  the  Australians.  The  lumbar  index  was  106,  atid 
the  index  of  the  5th  lumbar  vertebra  was  95. 

In  my  series  of  Andamanese  skeletons  only  two  had  the  lumbar 
vertebrae  complete.  In  one  the  vertical  diameter  of  the  five  vertebrae 
collectively  was  113  mm.  anteriorly,  and  112  mm.  posteriorly ;  in  the 
other  125  mm.  anteriorly,  124  mm.  posteriorly.     The  1st  and  2nd  "l 

lumbars  in  both  skeletons  were  thicker  behind  than  in  front.  The 
3rd  lumbar  in  one  skeleton  was  of  equal  diameter  on  both  aspects,  and 
in  the  other  was  1  mm.  thicker  behind  than  in  front.  In  both  skele- 
tons both  the  4th  and  5th  lumbars  were  thicker  in  front  than  behind, 
in  the  one  skeleton  the  anterior  surface  of  the  5th  lumbar  being  3  mm., 
in  the  other  5  mm.,  thicker  than  the  posterior.  The  mean  lumbar 
index  of  the  two  skeletons  was  99,  and  the  mean  index  of  the  5th 
lumbar  vertebra  was  84. 

In  three  Negro  skeletons  I  was  able  to  measure  the  vertical  diameter  ^ 

of  the  bodies  of  the  lumbar  vertebrae  both  in  front  and  behind.  In 
each  of  the  three  skeletons  the  collective  vertical  diameter  of  the  five 
lumbar  bodies  was  slightly  greater  in  front  than  behind  ;  the  maximum 
difference,  however,  was  only  2  mm.  The  mean  collective  depth  of  the 
five  vertebrae  in  the  three  Negro  skeletons  was  121  mm.  for  the  anterior 
surfaces,  and  119*6  mm.  for  the  posterior  surfaces ;  the  mean  difference, 
therefore,  was  1  '4  mm.  in  favour  of  the  anterior  surface.  In  all  three 
skeletons,  both  the  Ist  and  2nd  lumbars  were  slightly  deeper  behind 
than  in  front ;  the  3rd  lumbar  was  equal  in  depth  both  anteriorly  and 
posteriorly,  whilst  both  the  4th  and  5th  lumbars  were  somewhat 
deeper  in  front  than  behind.  The  mean  lumbar  index  was  98*9,  and 
the  mean  index  of  the  5th  lumbar  vertebra  was  89. 

In  a  Maori  skeleton,  from  Otago,  the  vertical  diameter  of  the  series 
of  five  vertebrae,  was  the  same  both  in  front  and  behind,  viz^,  101  mm. 
The  1st  and  2nd  lumbars  were  slightly  deeper  behind  than  in  front, 
the  3rd  and  4th  were  equal  in  depth  on  both  surfaces,  and  the  5th  • 

was  3  mm.  deeper  in  front  than  behind.  The  lumbar  index  was  100, 
and  the  index  of  the  5th  lumbar  vertebra  was  85. 

In  each  of  two  female  skeletons  from  Oahu,  in  the  Sandwich 
Islands,  the  collective  vertical  diameter  of  the  five  lumbar  bodies  was 
greater  behind  than  in  front ;  in  the  one  skeleton  the  difference  was 
7  mm.,  in  the  other  4  mm.,  in  favour  of  the  posterior  surface.  The 
mean  collective  depth  of  the  five  vertebrae  in  the  two  skeletons  was 
117*5  mm.  for  the  anterior  and  123  mm.  for  the  posterior  surfaces  ; 
the  mean  difference,  therefore,  was  5*5  mm.  in  favour  of  the  posterior 
surface.  In  both  skeletons  the  bodies  of  the  Ist,  2nd,  3rd,  and  4th 
lumbars  were  all  deeper  behind  than  in  front,  whilst  the  5th  lumbar 
was  deeper  in  front  than  behind.  The  mean  lumbar  index  was  104*7, 
and  the  mean  index  of  the  5th  lumbar  vertebra  was  87. 

In  one  of  three  Hindoo  skeletons,  a  tall  male,^  the  vertical  diameter 
of  the  series  of  five  lumbar  bodies  was  137  mm.  anteriorly,  and  146 
mm.  posteriorly.     The  1st,  2nd,  and  5th  lumbars  were  deeper  behind 

*  This  skeleton,  presented  by  Dr  John  Anderson,  F.R.S.,  was  estimated  as 
belonging  to  a  man  6  feet  high. 
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than  in  front,  the  3rd  was  1  mm.  deeper  in  front  than  behind,  and  in 
the  4th  these  two  diameters  were  equal.  The  lumbar  index  was  106, 
and  the  index  of  the  5th  lumbar  vertebra  107.  In  the  two  other 
Hindoo  skeletons,  a  male  and  a  female,  the  vertical  diameter  of  the 
bodies  of  the  five  lumbars  was  somewhat  deeper  in  front  than  behind, 
and  the  mean  lumbar  index  was  97 '8.  In  each  of  these  skeletons  the 
vertical  diameter  of  the  5th  lumbar  vertebra  was  deeper  in  front  than 
behind,  and  the  mean  index  was  89.  In  the  skeleton  of  a  male  Sikh, 
the  vertical  diameter  of  the  five  lumbar  bodies  was  130  mm.  anteriorly 
and  133  mm.  posteriorly,  being  a  difference  of  3  mm.  in  favour  of  the 
posterior  diameter.  In  this  skeleton  the  1st  and  5  th  lumbar  bodies 
were  deeper  behind  than  in  front,  but  the  2nd,  3rd,  and  4th  were 
each  of  equal  diameter  on  both  aspects.  The  lumbar  index  was  102, 
and  the  index  of  the  5th  lumbar  vertebra  was  108*7. 

In  a  Chinese  skeleton  the  vertical  diameter  of  the  five  lumbar 
bodies  was  146  mm.  anteriorly,  and  123  mm.  posteriorly.  In  each 
vertebra,  except  the  1st,  the  vertical  diameter  was  deeper  in  front 
than  behind,  and  in  the  1st  the  two  diameters  were  equal.  The 
lumbar  index  was  84*8,  and  the  index  of  the  5th  lumbar  vertebra  was 
70.  In  a  male  Malay  skeleton,  the  vertical  diameter  of  the  five 
lumbar  bodies  was  127  mm.  anteriorly,  and  125  mm.  posteriorly.  In 
the  1st,  2Dd,  and  3rd,  the  posterior  diameter  was  deeper  than  the 
anterior ;  in  the  4th  and  5th  the  anterior  diameter  was  deeper  than 
the  posterior.  The  lumbar  index  was  98,  aad  the  index  of  the  5th 
lumbar  vertebra  was  77*7. 

In  a  female  Esquimaux,  the  vertical  diameter  of  the  series  of  five 
lumbar  bodies  was  the  same  in  front  and  behind  (127  mm.),  so  that  the 
lumbar  index  was  100.  In  a  male  skeleton  the  vertical  diameter  of 
the  bodies  anteriorly  was  120  mm.,  and  posteriorly  116  mm.,  and  the 
lumbar  index  was  96*6.  Both  in  the  female  and  male  the  1st  and 
2nd  lumbars  were  deeper  behind  than  in  front,  but  the  4th  and  5th 
lumbars  were  deeper  in  front  than  behind.  The  index  of  the  5th 
lumbar  vertebra  in  the  female  was  81,  and  in  the  male  71.  In  a 
male  Laplander  the  vertical  diameter  of  the  five  lumbar  vertebrse  was 
111  anteriorly  and  110  posteriorly,  and  the  lumbar  index  was  99.  In 
a  female  Laplander  the  vertical  diameter  was  anteriorly  121  mm., 
and  posteriorly  118  mm.  and  the  lumbar  index  was  97*5.  In  both 
skeletons,  whilst  the  1st  lumbar  vertebra  was  deeper  behind  than  in 
front,  both  the  4th  and  5th  lumbar  were  deeper  in  front  than  behind. 
The  index  of  the  5th  lumbar  in  the  male  was  86,  and  in  the  female  88. 

From  the  data  which  are  recorded  in  the  preceding  pages  of  the 
measurements  of  the  lumbar  region  in  thirty-six  spines  of  various 
races  of  men,  it  will  be  seen  that  differences  occur,  often  to  a  con- 
Biderable  degree,  in  the  vertical  diameter  anteriorly  and  poste- 
riorly of  the  bodies  of  the  series  of  five  vertebrae.  These  differ- 
ences are  expressed  numerically  by  the  lumbar  index,  computed  in 
the  manner  already  explained.     The  lowest  index  (84'8)  was  in  a 
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Chinese  skeleton,  and  the  highest  (106)  in  a  Bushman  and  in  a 
male  Hindoo,  with  a  mean  of  105*8  in  a  series  of  five  Australians, 
whilst  the  mean  index  of  twelve  Europeans  was  95.  The  number 
of  Europeans  measured  may,  I  think,  be  regarded  as  sufficient  on 
which  to  frame  an  average.  But  it  would  not  be  safe  to  speak 
so  definitely  of  the  mean  index  in  the  other  races,  on  account  of 
the  few  skeletons  which  have  as  yet  been  measured.  Still,  from 
the  fact  that  each  of  the  five  Australian  skeletons  presented  the 
character  of  having  the  vertical  diameter  of  the  series  of  lumbar 
bodies  deeper  posteriorly  than  anteriorly,  and  from  the  peculi- 
arities of  the  two  Australian  skeletons  in  the  Oxford  Museum 
articulated  by  Mr  Charles  Bobertson,  there  can,  I  think,  be  little 
doubt  that  in  that  race  it  is  the  rule  for  the  lumbar  vertebrae  to 
have  an  opposite  relation,  as  regards  the  depth  of  the  body,  to 
what  is  found  in  Europeans. 

So  far  then  as  one  can  judge  of  the  configuration  of  the  lumbar 
spine  by  the  measurements  of  the  bodies  of  the  vertebrae  with- 
out the  intervertebral  discs,  this  region  may  present  one  or  other 
of  three  forms  in  different  races  of  men.  It  may  be  convex 
forwards ;  or  straight ;  or  concave  forwards,  and  to  each  group  a 
numerical  limit  may  be  assigned,  based  on  the  lumbar  index. 
We  may  assume  that  a  spine  with  the  lumbar  index  from  98  to 
102,  both  inclusive,  is  a  straight  spine,  Ortho-rachic ;  one  with 
an  index  above  102  is  a  spine  concave  forwards,  KoUo-rachic ; 
and  one  with  an  index  below  98  is  a  spine  convex  forwards 
Kurto-rachic.  From  the  data  before  me  the  skeletons  which 
I  have  measured  would  be  arranged  as  follows : — The  Chinese  and 
Europeans  would  have  convex  lumbar  regions,  the  Andamanese, 
Negros,  Maoris,  Sikhs,  and  perhaps  Hindoos,  Esquimaux,  and 
Lapps  would  have  straight  lumbar  regions,  whilst  the  Australians, 
Bush,  and  Sandwich  Islanders  woul(l  have  concave  lumbar 
regions.  But  this  arrangement  is  of  course  entirely  provisional 
and  will  doubtless  require  to  be  modified  as  observations  on 
the  lumbar  vertebne  are  multiplied.  Variations  in  the  anterior 
curvature  of  the  spine  in  the  lumbar  region  would  in  all  proba- 
bility affect  the  outline  of  the  back  of  the  body  in  the  lumbar 
region,  as  one  would  not  expect  the  back  to  have  so  well  marked 
a  hollow  in  that  region,  when  the  spine  is  concave  forwards  as 
when  it  possesses  the  anterior  convexity.     How  far  these  depart- 
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ures  in  the  lower  races  of  men  from  the  well-recognised  lumbar 
convexity  of  the  higher  races  may  serve  to  modify  the  spine  in 
the  erect  attitude  can  only  be  definitely  settled  when  the  interver- 
tebral discs,  as  well  us  the  vertebral  bodies,  have  been  measured. 
As  regards  the  5th  lumbar  vertebra,  in  all  the  races  the 
vertical  diameter  of  the  anterior  surface  of  the  body  is  deeper 
than  that  of  the  posterior.  There  are  without  doubt  differences 
in  the  relative  depth.  The  anterior  diameter  is  proportionally 
greater  than  the  posterior  in  the  GhiDese,  Malay,  Esquimaux, 
Lapps,  Europeans,  and  Andamanese,  than  in  the  Australians, 
Bush,  Negros,  and  Hindoos.  In  one  Hindoo  skeleton,  and  in 
the  Sikh,  the  posterior  diameter  of  this  vertebra  was  deeper  than 
the  anterior,  but  these  were  probably  individual  exceptions,  and 
this  greater  depth  would  assist  in  giving  the  high  lumbar  index 
exhibited  by  these  two  skeletons. 


%mxtamitixl  ^atitt^. 


FLOATING  KIDNEY.     By  W.  Arbuthnot  Lanb,  M.S. 

In  a  female  subject  in  the  dissecting  room  I  found  the  right  kidney 

freely  movable.     It  was  completely  enclosed  in  peritoneum,  and  was 

attached  to  the  abdominal  wall  by  a  mesentery,  whose  attachment  to 

the  kidney  extended  from  the  upper  extremity  of  its  inner  margin  to 

the  lower  limit  of  the  hilum.     This  mesentery  was  connected  to  the 

abdominal  wall  in  a  direction  extending  obliquely  downwards  and  to 

the  right  from  the  origin  of  the  right  renal  artery  from  the  aorta.     The 

mesentery  at  its  attachment  to  the  abdominal  wall  was  4^  inches  in 

breadth.     The  renal  artery  and  vein  ran  along  its  free  inner  margin, 

which  was  3|  inches  long,  its  outer  margin  measuring  2^  inches.  The 
ureter,  which  was  lax  and  tortuous,  ran  up  behind  the  kidney,  where  it 
passed  between  the  two  layers  of  the  mesentery,  and  expanded  to  form 
■  the  pelvis.  The  kidney  was  placed  obliquely,  its  direction  being 
downwards  and  to  the  left.  It  was  considerably  smaller  than  the  left 
kidney,  and  had  a  cyst  in  its  anterior  wall  |  of  an  inch  in  diameter. 
The  right  suprarenal  capsule  occupied  its  normal  position.  The  kidney 
could  be  easily  made  to  lie  on  the  left  side  of  the  spinal  column,  and 
to  reach  the  front  and  left  side  of  the  fifth  lumbar  vertebra  and  the 
lumbo-sacral  articulation.  The  left  kidney  was  more  extensively 
covered  by  peritoneum  than  usual.  The  liver  and  spleen  were  not 
enlarged.  The  woman  was  not  very  stout,  but  her  tissues  were  soft 
and  flabby.  Her  vessels  were  all  remarkably  tortuous.  She  had 
worked  hard,  as  her  spinal  column  showed  well-marked  pressure 
changes.  In  this  specimen  the  kidney  possessed  a  more  complete 
peritoneal  investment  than  in  the  case  described  by  David  Hepburn, 
M.B.,  in  the  Journal  of  Anatomy  and  Phymology^  Jan.  1885. 


AN  INTEKCLAVICULAR  MUSCLE  IN  THE  HUMAN 
SUBJECT.     By  W.  Arbuthnot  Lanb,  M.S. 

I  FOUND  the  following  remarkable  muscle  in  the  body  of  a  powerfully- 
built  male  subject.  It  consisted  of  two  symmetrical  fleshy  bellies 
of  considerable  size.     These  were  joined  by  a  round  tendon  nearly  as 
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thick  as  that  of  the  long  head  of  the  hiceps  muscle.  Each  fleshy 
belly  arose  from  the  olavicle  immediately  in  front  of  the  attachment  of 
the  rhomboid  ligament,  and  from  the  front  of  the  rhomboid  ligament 
just  below  its  clavicular  insertion.  The  muscle  measured  1^  inch  in 
transverse  measurement  at  its  origin.  Its  tendon  crossed  the  front  of 
the  manubrium  nearer  its  lower  than  its  upper  limit,  but  it  was  in  no  way 
connected  to  it.  On  the  front  of  the  manubrium,  on  each  side  of  the 
middle  line,  it  was  joined  by  a  rounded  tendon.  This  tendon,  which 
was  not  an  aponeurotic  expansion,  was  derived  from  the  upper  part 
of  the  sternal  portion  of  the  pectoralis  major ;  namely,  that  portion 
which  usually  arises  from  the  manubrium  stemi  and  the  inner  portion 
of  the  first  costal  cartilage.  In  this  case  this  part  of  the  muscle  had 
no  insertion  into  bone  or  cartilage,  but  ended  in  a  tendon,  which 
passed  freely  over  the  sternum,  and  fused  with  the  tendon  of  the 
digastric  interclavicular  muscle.  The  portion  of  the  pectoralis  major 
below  this,  and  the  clavicular  division  of  the  muscle,  had  their  usual 
attachments.  The  latter  covered  a  great  part  of  each  belly  of  the 
interclavicular  muscle,  and  between  it  and  the  upper  portion  of  the 
sternal  division  of  the  muscle  there  was  an  angular  interval  of  con- 
siderable size,  in  which  the  belly  of  the  interclavicular  muscle  ap 
peared.  The  interclavicular  muscle  had  no  connection  with  the  sub- 
clavius,  from  which  it  was  separated  by  the  costo-coracoid  membrane. 
lbs  function  was  evidently  to  approximate  the  clavicles.  That  portion 
of  the  pectoralis  major  joining  it  formed  practically  an  interhumeral' 
digastric  muscle.  It  could  be  separated  as  a  distinct  muscle  from  the 
remainder  of  the  pectoralis  major  for  a  very  considerable  distance. 
The  subclavius,  costo-coracoid  membrane,  rhomboid,  and  coraco-clavi- 
cular  ligaments  were  normal. 

This  variety  in  the  supernumerary  muscles  attached  to  the  clavicle 
is  rare,  and  the  nearest  approach  to  the  form  above  described  is  one 
named  by  Professor  Gruber,  muse,  iTiterclavicularls  antlcuH  digtxstricus^ 
and  described  by  him  in  Reichert  u.  du  Bois-ReymoncPs  Archiv.,\SBb, 
vol.  vii.  p.  710,  pi.  xviii.  fig.  3. 
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Bevue  d^Anthropologie,  Dirig^e  par  Paul  Topinard,  Troisieme  S^rie, 
Tome  i.,  Premier  Fascicule.     Paris,  1886. 

In  1872  the  lateM.  Paul  Broca  founded  the  Remie  fP Anthropologies  and 
up  to  the  time  of  his  much  lamented  death  was  actively  engaged  both  in 
writing  for  it  and  in  editing  it.  At  his  death  the  direction  of  the  Revue 
was  intrusted  to  M.  Topinard,  Secretary  of  the  Anthropological  Society 
of  Paris.  From  its  foundation  it  has  been  the  recognised  medium 
for  the  publication  of  a  number  of  valuable  memoirs  in  the  French 
language  on  various  branches  of  anthropology.  With  the  commence- 
ment of  the  present  year  a  new  series,  the  third,  of  the  Revue  is  begun, 
under  the  direction  of  M.  Topinard,  whose  recent  most  elaborate  work, 
entitled  Elements  iV Anthropologie  GeneraUy  has  placed  him  in  the  first 
rank  of  living  anthropologists.  Co-operating  with  him  in  the  direction 
are  such  well-known  names  as  MM.  de  Quatrefages,  Hamy,  Mathias 
Duval,  General  Faidherbe,  Dr  Gavarret,  the  Marquis  de  Nadailhac, 
Baron  Larrey,  MM.  Jules  Kochard,  L.  Rousselet,  and  d'Arbois  de 
Jubainville. 

The  number  for  January  contains  original  articles  by  Dr  Topinard, 
Dr  Yerneau,  M.  Seeland,  M.  de  Nadaillac,  and  M.  Ledouble.  In  addi- 
tion, there  are  critical  and  prehistoric  reviews,  and  abstracts  of  varimis 
memoirs  from  the  German,  English,  and  French. 


Rejfort  of  a  Committee  of  the  Clinical  Society  of  London ,  nominated 
November  10,  1882,  to  investigate  Spina  Bifida  and  its  Treatment 
by  the  Injection  of  Dr  Hunter's  lodo-Glycerine  Solution. 

This  report,  which  has  been  lately  issued,  bears  the  signatures  of 
Howard  Marsh,  A  Pearce  Gould,  H.  H.  Glutton,  and  K,  W.  Parker, 
hon.  sec.  Before  attempting  to  discuss  the  results  of  the  treatment, 
the  committee  thought  it  of  essential  importance  to  determine,  more 
clearly  than  had  hitherto  been  done,  the  pathological  conditions  in- 
cluded under  this  term,  and  with  that  object  undertook  examination 
of  all  the  specimens  contained  in  London  museums,  as  well  as  those  in 
Cambridge  and  Glasgow,  amounting  to  125.  They  thus  went  over 
much  the  same  ground  as  I  had  done,  and  their  conclusions  are,  in  the 
main,  confirmatory  of  the  conclusions  given  by  me  in  the  Lancet, 
iMarch  25,  1885,  and  in  vol.  xix.  of  this  JoutTialj — viz.,  (1)  the  spinal 
cord  and  nerves  are,  in  most  cases,  prolonged  into  the  sac,  and  ex- 
panded in  its  walls.  The  nerves  proceed  from  the  sac  in  regular  order 
through  the  intervertebral  foramina,  some  running  forwards  with  tlu^ 
cord  into  the  spinal  canal;  and  the  j?anLi;lia  upon  the  posterior  yoots 
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are  normal,  though,  in  a  few  cases,  as  shown  hy  specimens  in  the  Cam- 
hridge  Museum,  two  or  more  are  hlended  together.  (2)  When  the 
spina  bifida  is  in  the  upper  lumbar  or  dorsal  region  the  cord  may  be 
traced  again  from  the  sac  into  the  lower  part  of  the  spinal  cord.  (3) 
The  arachnoid  is  traceable  into  the  sac,  as  well  as  the  dura  mater ;  and 
the  fluid  is  in  the  subarachnoid  space.  I  conclude  it  is  implied  that 
the  fluid  is,  as  I  have  stated  it  to  be,  in  the  arvterUyr  subarachnoid 
tissue.  (4)  As  a  rule,  the  base  only  of  the  tumour  is  covered  with 
skin,  which  ends  abruptly  in  a  thin  membrane  in  which  the  various 
tissues,  including  the  nervous,  and  the  membranes  of  the  cord,  are 
blended.  (5)  The  instances  in  which  the  cavity  of  the  sac  is  a  dila- 
tation of  the  central  canal  of  the  cord  are  very  rare.  With  reference 
to  this  there  is  the  following  important  addition  to  our  knowledge : — 
"  The  histology  of  the  sac- wall  in  a  typical  case  of  meningo- myelocele, 
by  demonstrating  the  integrity  of  the  central  canal  of  the  included 
portion  of  the  cord,  settles  beyond  doubt  what  must  otherwise  be 
matter  of  conjecture  only,  that  neither  does  the  neural  furrow  remain 
unclosed  in  spina  biflda,  nor,  after  having  been  closed,  is  it  subsequently 
distended  by  dropsy  and  ruptured;"  and  '^this  examination  seems  to 
complete  the  refutation  of  the  view  held  by  Forster  and  many  subse- 
quent German  writers,  viz.,  that  spina  bifida,  in  the  great  majority  of 
cases,  is  due  to  a  dropsy  of  the  central  canal  of  the  cord."  (6)  The 
malformation  is  attributable  to  imperfect  development  of  the  meso- 
blastic  tissues  on  the  posterior  aspect  of  the  cord ;  but  the  diflicult  ques- 
tion of  the  relation  of  the  collection  of  fluid  to  the  imperfection  of 
development  is  not  discussed.  The  fixation  of  the  cord  in  the  sac  from 
an  early  period  of  embryonic  life  of  course  prevents  its  ascent  in  the 
spinal  canal  during  development,  and  in  some  cases  reverses  the  ordi- 
nary direction  of  the  nerves,  causing  them  to  pass  upwards  to  their 
intervertebral  foramina  instead  of  downwards. 

The  pathological  anatomy  of  the  three  varieties — Spinal  meningocele 
(protrusion  of  the  membranes  only),  meningo-myelocele  (protrusion  of 
the  membranes  with  the  cord  and  nerves),  and  Syringo-mydorele  (dila- 
tion of  the  central  canal),  is  said  to  be  strictly  parallel  with  those  occur- 
ring in  the  head,  viz..  Meningocele  and  Enceplidlorde ;  but  by  what 
contrivance  the  three  spinal  conditions  are  to  be  made  to  correspond 
with  the  two  cerebral  we  are  not  told. 

Though  not  denying  the  occurrence  of  spinal  meningocele,  I  was  not 
able  to  find  a  single  unequivocal  example  of  it ;  and  I  must  confess 
to  feel  great  doubt  about  some,  at  any  rate,  of  the  ten  examples  of  this 
condition  mentioned  in  the  report. 

Analyses  of  the  fluid  by  Dr  Halliburton  show  slight  alkaline 
reaction,  slight  opalescence  on  boiling,  small  quantity  of  solid  matter, 
consisting  of  sodium  chloride,  phosphates,  and  carbonates,  with  small 
fraction  of  proteids,  which  was  composed  of  globulin. 

Some  unusual  varieties  are  mentioned,  such  as  subdivision  of  the 
sac  and  the  presence  of  bony  outgrowths  across  the  spinal  canal  in  the 
neighbourhood  of  the  tumour,  five  examples  of  the  latter  being  given. 

Cambridok,  Janimn/ 1,  1886.  0.  M.  Humphry. 
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Die  Chirurgische  Anatomie  in  ihrer  Beziehung  tut  Chirurgischen  Diag- 
nosficy  Pathologie  und  Therapie^  ein  Handbuch  fiir  Studirende 
und  Aerzte,  von  Prof.  Dr  Max  SchClleb,  in  Berlin,  Heft  i., 
Die  obere  Extremitat,  1885. 

This  promises  to  be  the  most  complete  and  exhaustive  treatise  on 
surgical  anatomy  that  has  hitherto  appeared  in  any  country.  It  is 
iUustrated  by  numerous  woodcuts,  is  written  in  a  simple  style,  and 
will  be  valued  both  by  students  and  practitioners.  It  gives  surface 
markings,  measurements,  disposition  of  fasciae,  vessels,  muscles,  &c., 
descriptions  of  joints,  directions  of  dislocations  and  fractures,  the 
causes  of  displacements,  the  courses  which  matter  is  likely  to  take,  the 
position  of  aneurisms,  wounds  of  arteries,  the  methods  of  compression 
and  ligaturing  the  several  arteries,  re-setting  joints,  and  a  variety  of 
information  bearing  upon  the  practice  of  surgery.  The  action  of  the 
several  muscles  is  given,  with  the  effects  of  paralysis  of  them,  and  the 
appropriate  points  for  Faradization. 

When  fluid  is  injected  into  the  shoulder-joint  in  the  dead  body  the 
arm  is  said  to  be  thereby  slightly  raised,  abducted,  and  rotated 
inwards^  the  head  of  the  humerus  to  be  pressed  a  centimeter  away 
from  the  glenoid  cavity.  At  the  same  time  the  lower  angle  of  the 
scapula  is  thrown  a  little  backwards — this  and  the  abduction  of  the 
arm  being  due  to  the  comparative  looseness  of  the  capsule  -at  its  under 
part  The  swelling  and  fluctuation  are  most  perceptible  in  front  and 
behind ;  and  the  synovial  processes  upon  the  biceps-tendon  and  the 
subscapular  muscle  become  distended.  When  the  cavity  of  the  elbow- 
joint  is  in  like  manner  filled  the  fore-arm  becomes  bent  upon  the  arm 
nearly  to  a  right  angle,  and  semi-prone.  The  capsule,  as  shown  in  a 
woodcut  (p.  198),  is  distended  all  round,  but  especially  in  front  and 
behind  on  the  sides  of  the  brachialis  anticus  and  the  triceps ;  and  the 
radius  and  ulna  are  found  to  be  distanced  from  the  humerus  one  or 
two  millimetres.  In  the  case  of  the  radio-carpal  joint  the  hand 
remains  in  a  straight  line  with  the  fore-arm,  or  slight  dorsal-flexion 
may  be  induced,  and  the  articular  surfaces  are  separated  three  or  four 
millimetres  from  one  another. 

At  page  309  is  represented  the  dissection  of  a  specimen  of  contrac- 
tion of  the  palmar  fascia  (Dupuytren's  contraction)  in  which  the  pro- 
cesses of  the  fascia  extending  into  the  fingers  are  seen  to  be  thickened 
and  contracted,  while  the  flexor  tendons,  as  the  author  remarks,  are 
unaffected.  He  notes  the  fact  that  the  fascial  processes  of  the  ring 
finger  are  commonly  first  affected,  which  he  rightly  attributes  to  the 
circumstance  that  pressure  from  a  stick  or  other  body  held  in  the  hand 
is  most  felt  at  this  part,  and  acts  as  a  source  of  irritation  to  the  skin 
and  fascia  here.  ',, 

Enough  has  been  said  to  show  that  the  work,  in  this  its  first  instal-  ^ 

ment,  is  a  valuable  practical  addition  to  anatomical  literature.  ' 
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On  the  physiology  of  the  heart  of  the 

ALLIGATOR.     By    T.    Wesley    Mills,    M.A,    M.D., 
Lecturer  on  Physiology,  M'GUl  University,  Montreal,  Canada, 

The  only  paper  bearing  on  the  physiology  of  the  heart  of  the 
Crocodilia  is  one  by  Gaskell,  in  vol.  v.  No.  1  of  the  Journal  of 
Physiology,  The  anatomy  of  the  sympathetic  is  considered  by  this 
writer  in  a  paper  in  Nos.  4,  5,  and  6  of  voL  v.  of  the  same. 

With  some  of  the  conclnsions  in  the  former  short  communica- 
tion my  observations  accord ;  with  others  they  are  entirely  at 
variance.  I  shall  therefore  refer  in  some  detail  to  the  experi- 
ments leading  me  to  opposite  conclnsions  from  the  writer 
referred  to  above. 

My  experiments  were  made  upon  specimens  of  Alligator 
Mississippiensis,  part  of  them  at  the  Marine  Laboratory  of  the 
Johns  Hopkins  University  at  Beaufort,  N.C. ;  and  part  of  them 
in  the  Biological  Laboratory  of  the  same  institution  in  Baltimore, 
to  the  directors  of  both  of  which  I  desire  to  acknowledge  my 
indebtedness  for  their  kindness  in  facilitating  this  work. 
Gaskell  has  stated,  in  the  paper  referred  to,  that  in  the  Crocodile 
"the  vagiis  seems  to  contain  purely  inhibitory  fibres."  That 
such  is  far  from  being  the  case,  the  following  extract  from  notes 
of  my  experiments  on  the  Alligator  will  amply  show.  It  is 
scarcely  to  be  supposed  that  the  case  would  be  different  for 
creatures  so  alike  as  the  Crocodile  and  the  Alligator. 

For  stimulation  the  interrupted  current  of  a  Du  Bois'  in- 
duction coil  fed  by  one  Bunscn's  cell  was  used. 

/.  TJie  Results  of  Stimulation  of  the  Vagiis  Nerve. 
The  following  extracts  from  my  notes  bear  on  this  subject: — 
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Experivient — 

Cardiac  rhythm  «  42. 

1.  Stimulation  of  right  vagus  with  interrupted  current  led  to  arrest, 
and  the  following  after-rhythm : — 


During  the  Ist  minute  43 
2nd  „  44 
3rd  .,  43 
4th       „      4; 

After  10  minutes  R  =  42. 


!i  4th       „      43 


2.  Stimulation  of  left  vagus  led  to  arrest,  and  the  following  after- 
rhythm  : — 

During  the  Ist  minute  40 

„        2nd      „      39 

3rd       „       40 

4th       „       41 

8th       „       44 

The  original  rhythm  was  40  to  41. 

In  another  case,  in  which  the  heart  was  much  depressed  in  action 
and  the  rhythm  slow,  a  single  stimulation  raised  the  rhythm  from  10 
to  17,  with  marked  increase  in  the  force  of  the  beat. 

I  have  given  the  exact  rhythm  in  the  above  cases  to  show  the 
amount  of  acceleration.  This  is  quite  as  much  as  would  be 
expected  for  a  rate  of  beat  so  high  as  40,  and  quite  as  much  as 
occurs  usually  in  the  Chelonians. 

//.  How  the  Vagus  arrests  the  Heart, 

As  in  the  Ghelonian,  a  current  that  suffices  to  stop  the  auricle 
proper  ("bulged"  part)  will  not  arrest  the  sinus  or  sinus 
extension  (''basal  wall")  in  all  cases;  so  long  as  the  sinus 
venosus  continues  to  beat  the  ventricle  will  follow,  at  least 
while  the  beat  is  not  very  weak  indeed. 

Often  a  momentary  stop  of  the  ventricle  follows  the  arrest  of 
the  auricles,  but  it  is  very  short  in  such  cases. 

Practically,  as  in  the  Chelonians,  the  sinus  is  the  controlling 
part  of  the  heart  so  far  as  rhythm  is  concerned;  when  it  is 
arrested  the  auricles  or  ventricle  ceases  to  pulsate. 

As  to  whether  the  arrest  is  due  solely  to  the  influence  of  the 
vagus  in  the  siuus  is  considered  in  my  paper  on  the  Sea-Turtle. 

Sometimes,  in  consequence  of  this  greater  power  of  the  vagus 
over  the  auricles,  a  very  weak  current  will  produce,  when  first 
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applied,  an  arrest  of  both  auricles  and  ventricle  of  brief  duration, 
when  the  continuance  of  the  stimulation  will  give  rise  not  to 
arrest  but  to  acceleration ;  that  is,  the  auricle  breaks  away  and 
participates  in  the  good  effects  of  vagus-stimulation  exactly  as  if 
the  current  had  been  withdrawn.  As  in  the  Chelonians,  the 
heart  is  arrested  promptly  by  the  vagus,  and  not  by  reducing  the 
force  of  the  beat  to  zero. 

After-Effects  of  Simulation  of  the  Vogues. — These  vary  with  a 
variety  of  circumstances,  and  follow  much  the  same  laws  as  in 
the  Chelonians. 

2.  When  the  rhythm  at  the  time  of  stimulation  is  rapid,  the 
after-rhythm  is  not  much  in  advance  of  the  original ;  it  may  for 
some  time  even  fall  slightly  below  it,  but  if  the  rhythm  be  very 
slow  the  proportionate  increase  may  be  very  great. 

2.  But  in  all  cases  there  is  an  increase  in  the  force  of  the 
beat,  seen  in  ventricles  as  well  as  auricles.  This  is  best  noted 
when  the  original  beat  is  feeble,  or  when  one  beat  is  of  force 
disproportionate  to  another.  In  the  Alligator  this  increase  of 
the  strength  of  the  beat  has  been  the  most  striking  phenomenon. 

3.  Stimulation  of  the  vagus  removes  irregularities  both  in  the 
force  and  frequency  of  the  beat ;  this  follows,  not  only  when  the 
heart  is  slightly  disturbed,  but  when  its  whole  action  is  very 
much  depressed. 

4.  The  arrest  of  the  beat  usually  follows  after  a  very  brief 
period  of  latency;  and  after  the  cessation  of  stimulation  the 
beat  recommences  after  a  latency  which  varies  with  the  con- 
dition of  the  heart.  When  this  organ  is  strong,  and  at  an  early 
stage  of  experimentation,  the  latency  last  referred  to  is  usually 
from  three  to  five  seconds ;  but  later  this  may  be  doubled  or 
trebled. 

5.  The  acceleration  that  follows  vagus-stimulation  reaches  its 
maximum  sooner,  and  declines  more  speedily  when  the  heart's 
nutrition  has  begun  to  suffer  than  when  the  heart  is  fresh.  The 
difference  in  this  respect  is  very  great;  often  the  maximum 
acceleration  is  reached  under  bad  conditions  of  nutrition  in  one 
minute,  while  in  a  fresh  condition  of  the  heart  the  maximum  of 
acceleration,  as  my  notes  of  one  experiment  given  above  show, 
may  not  be  reached  for  several  minutes.  This  holds  also  for  the 
Chelonians. 
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6.  After  Btand-still,  when  the  rhythm  is  resumed,  the  siaus  is 
the  first  to  beat,  and  may  be  followed  by  the  auricles  and  ven- 
tricles, or  by  the  ventricles  only  at  first,  i,e,,  the  auricles  are 
often  the  last  to  recover,  as  in  the  Chelonians. 

The  results  of  stimulation  of  the  vagus  in  the  Alligator  may 
be  thus  generalised : — 

Stimulation  of  the  vagus  weakens  the  heart's  action, 
and  may  cause  an  arrest  of  the  auricles  alone,  or  of  the 
auricles  followed  by  a  brief  stop  of  the  ventricles ;  with 
a  sufficiently  strong  current  the  entire  heart  is  arrested, 
and  remains  so  during  stimulation,  with  marked  increase 
in  the  usual  diastolic  relaxation  ;  after  a  variable  period 
of  latency,  the  length  depending  on  the  condition  of 
nutrition  of  the  heart  at  the  time,  the  beat  is  resumed  ; 
frequently  the  auricles  are  the  last  to  begin ;  the  beat  of 
the  heart  is  marked  by  acceleration,  reaching  a  maxi- 
mum in  a  variable  time,  and  declining  slowly  or  the 
reverse,  according  to  the  condition  of  the  nutrition  of 
the  heart ;  the  beat  is  also  characterised  by  greater  force, 
evident  in  both  auricles  and  ventricles.  The  force  and 
frequency  are  increased  in  inverse  proportion  to  those 
prevailing  at  the  time  of  stimulation. 

It  will  be  seen  that  the  conduct  of  the  heart  in  the  Alligator 
under  vagus-stimulation  is  very  similar  to  that  of  the  Chelonians, 
though  in  the  hearts  of  the  Crocodilia,  with  their  two  auricles 
and  paired  ventricles  well-defined  and  separated, — in  the  shape 
of  the  latter  especially,  in  the  general  character  of  the  beat, 
&c., — there  is  a  considerable  departure  from  this  class.  One 
looking  at  the  heart  of  a  small  Alligator  beating  rapidly  might 
believe,  on  superficial  observation,  that  he  had  before  him  the 
heart  of  a  mammal  or  bird;  the  colour  of  the  blood  issuing 
from  wounds,  especially  about  the  head  and  upper  parts  of  the 
Alligator,  is  much  brighter  than  in  the  Chelonians,  denoting  a 
circulation  admitting  of  better  oxidation  of  the  blood,  and 
pointing  to  an  advance  in  the  aaimal  scale. 
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///.  Accessory  Vagi. 

From  some  previous  experience  with  similar  small  nerves,  iu 
connection  with  the  Sea-Turtle,  to  those  I  am  about  to  describe, 
I  was  not  wholly  unprepared  for  a  very  remarkable  result. 
These  nerves  may  be  traced  in  the  Alligator  from  the  glosso- 
pharyngeal, soon  after  its  exit  from  the  skull,  down  the  neck, 
underneath  the  trachea,  over  the  vessels,  and  to  the  heart. 
They  were  not  more  than  a  fifth  or  sixth  of  the  thickness  of  the 
vagus  in  the  specimens  examined.  They  did  not  run  close  to 
the  vagus  but  diverged  from  it,  as  they  passed  downwards  more 
and  mora 

An  extract  from  my  notes  of  one  experiment  will  give  some 
idea  of  their  function. 

Experiment. — Nerve  divided  and  peripheral  end  stimulated. 

When  the  rhythm  was  28,  stimulation  led  to  a  fall  to  20 ;  when  12 
to  6. 

Force  of  beat  is  diminished;  short  stops,  leading  to  an  irregular 
rhythm. 

On  cessation  of  stimulation  the  rhythm  rose  from  28  to  35. 

During  the  pause  the  normal  diastolic  relaxation  was  increased. 

It  is  thus  seen  that  in  this  case  these  nerves  behaved  exactly 
like  the  vagi;  and,  considering  their  origin  and  how  closely 
related  the  vagus  and  glosso-pharyngeal  nerves  are  anatomically, 
it  seemed  not  unreasonable  to  suppose  that  some  of  the  vagus 
fibres  may  have  wandered  off  and  taken  a  separate  course  to  the 
heart. 

This  subject  is  further  considered  in  my  paper  on  the  Sea- 
Turtle. 

Whether  they  are  always  present,  or  have  always  the  same 
action,  I  am  unable  to  say  without  further  examination. 

IV.  Accelerator  Cardiac  Nerves. 

There  passes  from  a  ganglionic  enlargement  of  the  eleventh 
metamere  towards  the  heart,  and  quite  alone,  a  large  well-defined 
nerve,  as  Gaskell  and  Gadow^  have  described. 

I  subjoin  the  results  of  two  stimulations  of  this  nerve  in  one 
case  as  illustrative  of  its  influence. 

^  Vol.  V.  Nos.  4,  5,  and  6  of  the  Journal  of  Physiology. 
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Experiment — Heart  beating  with  a  regular  rhythm  of  29,  a  short 
Btimulation  of  11th  metamere  raises  the  rhythm  to  32  from  29. 
2.  A  second  stimulation  had  the  following  effect : — 

Khythm  during  1st  minute  of  stimulation,  34 
„      2nd  „  32 

„      3rd  „  32 

but  it  is  to  be  noticed,  that  while  during  the  second  and  third  minutes 
the  rhythm  fell  the  force  of  the  beats  increased. 

Thus  it  appears  that  the  true  test  of  an  augmentor  nerve  is 
the  amount  of  work  the  heart  is  enabled  to  do  under  its 
influence.  I  desire  to  call  especial  attention  to  this  result,  for 
it  does  not  stand  alone,  and  to  a  certain  extent  applies  to  the 
action  of  the  vagus  also. 

Not  only  are  cardiac  accelerators  augmentoi^s  and  should  be 
so  called,  but  they  increase  the  work  done  by  the  heart;  for 
when  there  is  a  fall  in  rhythm  it  is  so  slight  as  to  be  much  over- 
balanced by  the  greater  force  of  the  beat  Indeed,  so  far  as  my 
observation  goes,  this  increase  of  the  force  of  the  beat  is  by  far 
the  most  important  matter.  It  is  easy  to  see  how  one,  on  super- 
ficial examination  of  either  an  accelerator  or  the  vagus,  might  be 
led  into  erroneous  conclusions,  especially  if  the  rate  of  beat 
were  alone  considered. 

V,  Relative  Power  over  the  Heart  of  the  Vagi,  and  tlie  Results  of 

their  prolonged  alternate  Stimulation. 

So  far  as  I  can  judge  from  a  very  limited  number  of  experi- 
ments, the  right  vagus,  as  in  the  Chelonians,  has  somewhat 
greater  influence  over  the  heart  than  the  left;  but  both  are 
usually  very  efficient 

I  have  also  found  that  the  heart  is  capable  of  prolonged 
inhibition  by  alternate  stimulation  of  the  vagi;  but  in  the 
Alligator  the  nerves  seem  to  die  more  rapidly  than  in  the 
Chelonians,  and  it  is  doubtful  if  as  prolonged  inhibition  could  be 
maintained  as  in  the  latter;  so  far  as  my  limited  experience 
in  this  matter  goes  this  is  not  the  case. 

VI.  Peculiar  Cardiac  Inhibition  foUowed  by  Acceleration. 

In  this  connection  I  wish  to  discuss  some  peculiarities  of 
reflex  (?)  inhibition,  and  describe  an  experiment  which  appears  to 
be  unique  in  physiology. 
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Experiment. — Small  Alligator,  about  1^  feet  long. 

Mecluila  oblongata  destroyed  completely  far  more  than  one  hour; 
both  vagi  divided;  the  latter  dead  throughout  tJie  greater  part  of  their 
course. 

Sharp  tapping  over  stomach  and  liver,  with  an  ordinary  dissecting 
forceps,  causes  slowing,  weakening,  and  brief  stops  of  the  heart  This 
lasts  for  about  one  minute  after  cessation  of  the  stimulation,  and  is 
followed  soon  by  a  greatly  accelerated  rhythm  (from  40  to  50).  This 
rhythm  is  at  first  quite  regular,  but  gradually  diminishes  and  falls  into 
irregularity. 

This  experiment  is  repeated  three  or  four  times  with  precisely 
similar  results. 

The  only  experiment  known  to  me  at  all  comparable  with 
this  la  that  mentioned  by  Marshall  Hall,^  and  discussed  by 
M*^William  on  p.  239,  Nos.  4  and  5,  vol.  vi.,  of  the  Journal  of 
Physiology. 

The  last-mentioned  writer  would  explain  Hall's  result  as  due 
to  mechanical  stimulation  of  the  vagi  nerves,  by  the  jar  caused 
by  a  blow  to  the  stomach  with  a  hammer  in  Hall's  experiment, 
the  brain  and  cord  being  destroyed.  But  in  my  experiment  the 
vagi  nerves  were  already  dead  throughout  most  of  their  length, 
and  the  jar  of  a  blow  from  a  pair  of  forceps  cannot  be  considered 
as  very  great.  On  the  other  hand,  the  fact  that  the  first  efifect 
was  followed  by  regularity  and  acceleration  of  rhythm,  certainly 
points  to  the  vagus  nerve. 

I  wish  now  to  call  attention  to  several  phenomena  which 
seem  to  me  to  demand  careful  consideration. 

1.  I  have  found  in  the  fish  that  stimulation  of  certain  parts, 
notably  of  the  anus  and  tail,  led  frequently,  and  with  moderate 
currents,  generally  to  acceleration,  either  followed  by  slowing  or 
not 

2.  A  similar  result  has  been  observed  on  stimulating  the  liver 
in  the  Sea-Turtle.  In  both  the  cases  referred  to  the  medulla 
and  cord  and  vagi  were  intact. 

3.  On  p.  271  of  my  paper  on  the  Terrapin's  heart,^  reference 
is  made  to  irregularity  of  rhythm  as  the  result  of  stimulation  of 
the  main  sympathetic  stem,  and  I  have  observed  on  several 
occasions,  what  is  not  therein  much  insisted  upon,  that  on  first 
applying  the  electrodes  to  the  part  of  the  sympathetic  therein 

*  Todd's  Cyclopcedia  of  Aiiat.  aiid  Pkys.,  art.  "Heart." 

•  Journal  of  Physiology,  vol.  vl  Nos.  4  and  6. 
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defined,  a  brief  slowing  or  stop  of  the  heart  has  preceded  the 
usual  acceleration  and  augmentation  of  the  beat. 

M^William  states  that  stimulation  of  the  abdominal  sympa- 
thetic does  not  lead  in  the  Eel  to  cardiac  arrest,  and  maintains 
that  the  afferent  impulses  are  transmitted  through  the  spinal 
cord  to  the  medullary  centre,  when  cardiac  inhibition  takes  place 
after  stimulation  of  the  tail  of  the  Eel 

But  how  upon  M^William's  hypothesis  is  my  result  of  oc- 
celeration  under  such  circumstances  to  be  explained  ? 

There  is  one  fact  brought  out  in  my  experiments  on  the  fish's 
heart  with  atropin  which  favours  M^William's  view. 

After  the  free  application  of  this  poison  to  the  heart  of  the  fish 
I  have  not  found  it  possible  to  get  reflex  cardiac  inhibition  as 
usual ;  that  is  to  say,  we  may  get  from  this  an  argument  that 
the  vagi  nerves,  and  these  only,  are  concerned ;  but  again,  if  we 
assume  that  all  the  inhibitory  fibres  for  the  heart  do  not  run  in 
the  vagus,  necessarily  this  experiment  does  not  carry  with  it  so 
much  force. 

It  is  true  that  hitherto  it  has  been  believed  that  inhibitory 
fibres  were  confined  to  the  vagus ;  but  in  this  paper  I  have  shown 
that  in  the  Alligator  this  does  not  seem  to  be  so,  and  the  case  for 
the  Sea-Turtle  also  favours  such  a  view,  as  also  perhaps  what  is 
referred  to  under  (3)  above. 

As  mentioned  on  p.  254  of  my  paper  on  the  Terrapin,  stimula- 
tion of  the  main  sympathetic  stem  does  in  that  animal  produce 
the  most  decided  cardiac  inhibition,  and  that  when  stimulaticm  of 
the  brachial  plexus  is  ineffective.  Why  is  this,  if  the  course  of  the 
impulses  is  along  the  cord  ? 

M^William  explains  the  after-acceleration  of  reflex  cardiac 
inhibition  (stimulation  of  the  vagus  itself  not  being  followed  by 
such),  by  assuming  in  the  Eel  a  '*  constant  controlling  vagal  in- 
fluence," which  is  weakened  in  the  former  case  during  stimu- 
lation. As  a  result  of  my  eighteen  experiments  on  this  subject  on 
the  Slider  Terrapin  (see  pp.  252  and  253  of  the  paper  on  that 
animal)  no  very  strong  case  is  made  out  for  this  view  as  regards 
this  one  cold-blooded  animal. 

It  seems  to  me,  when  considering  all  these  facts,  that  we 
should  begin  to  seek  for  explanations  more  satisfactory  than 
some  of  those  now  prevalent;  at  present  I  have  no    view  to 
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present  that  is  free  from  difficulties;  but  many  of  the 
phenomena  I  have  cited  in  this  paper,  and  treated  elsewhere, 
seem  to  point  in  the  direction  of  possible  cardiac  inhibition 
other  than  through  the  main  vagus  stem,  or  possibly  even  its 
ultimate  branches,  though  the  latter  have,  apart  from  the  main 
stem,  been  but  little  considered,  in  short,  that  some  such  view 
as  that  suggested  by  me  on  p.  271  of  my  paper  on  the  Terrapin 
may  be  rendered  tenable  by  accumulating  facts ;  but  my  object 
in  this  discussion  of  a  very  obscure  subject  has  been  rather  U) 
emphasize  fa/ds^  and  point  out  difficulties  in  the  way  of  the 
complete  acceptance  of  prevailing  theories,  than  to  offer  new 
explanations. 

If  we  assume  that  in  the  case  of  the  fish  and  Sea-Turtle,  as 
referred  to  in  1  and  2  above,  the  impulses  pass  along  the 
sympathetic  chain  and  then  get  into  some  cardiac  accelerating 
branch,  or  even  first  pass  along  the  spinal  cord  but  not  to  the 
medulla,  it  is  possible  to  understand  the  acceleration  that  first 
ensues  under  the  circumstances  referred  to,  without  introducing 
the  vagus  at  all. 

In  the  case  of  Marshall  Hall's  experiment  on  the  Eel,  and  my 
own  on  the  Alligator,  we  may  suppose  the  impulse  to  travel 
primarily  along  some  inhibitory  fibres  not  in  the  vagus  stem,  or 
not  in  the  usual  cardiac  branches  of  that  stem,  and  that  these 
are  finally  overpowered  by  the  influence  of  accelerating  fibres. 
I  found  no  more  difficulty  in  this  connection  with  M^William's 
objection  that  stimulation  of  the  abdoTrUnal  sympathetic  in  the 
Eel  does  not  produce  cardiac  arrest  than  that  stimulation  of  the 
same  part  in  the  Chelonians  does  not  produce  cardiac  acceleration 
for  stimulation  of  another  part  of  the  main  sympathetic  does. 
Impulses  may  have  and  do  have  a  great  variety  of  choice  in  the 
tracts  they  follow. 

VII.  Stimulation  of  tJie  Heart  with  the  rapidly  interrupted 

Current. 

The  results  depend  in  part  on  the  strength  of  the  current  and  in 
part  on  the  condition  of  the  heart  at  the  moment  of  stimulation. 

1.  When  the  heart  is  fresh  and  in  good  condition  the  sinus 
can  be  arrested  with  as  great  ease  as  in  the  Chelonians,  but  when 
the  heart  is  much  exhausted,  and  the  animal  has  been  long 
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under  experiment,  arrest  by  any  strength  of  current  is  quite 
impossible. 

2.  Stimulation  of  the  auricles  with  a  weak  current  causes 
dilation  around  the  point  of  contact  of  the  electrodes,  and  a 
weakening  of  the  rhythm  beat  of  the  auricle.  A  stronger  current 
wholly  arrests  the  auricle,  and  the  local  dilation  spreads  over  a 
wider  area,  finally  embracing  almost  the  whole  auricle. 

3.  A  moderate  or  strong  current  applied  to  the  ventricles, 
when  the  heart  is  in  good  condition,  causes  a  rapid  intervermi- 
form  movement,  followed  by  frequent  stops.  On  the  cessation 
of  stimulation  a  long  pause  in  the  rhythm  follows. 

In  all  cases,  no  matter  what  part  of  the  heart  is  stimulated, 
at  the  exact  points  at  which  the  electrodes  are  applied,  very 
small  light-coloured  areas  may  be  seen,  as  in  the  case  of  fishes 
and  Ghelonians;  also  the  usual  blue  appearance  in  the  parts 
locally  dilated,  but  1  have  observed  in  the  Alligator  an  effect 
which  is  not  to  be  seen  in  the  fish  or  in  the  Chelonian  heart. 
On  the  application  of  a  very  strong  current  to  the  edge  of  the 
auricles  they  are  seen  to  exchange  their  natural  bluish  colour  for 
a  pallor — almost  a  whiteness ;  by  carrying  the  electrodes  along, 
more  and  more  of  the  auricle  takes  on  this  appearance.  The 
portion  affected  in  this  manner  is  thrown  out  of  action.  This, 
it  seems  to  me,  is  the  reverse  of  dilation,  is,  in  fact,  due,  as  also 
the  finer  smaller  light-coloured  points  seen  at  the  exact  points 
of  application  of  the  electrodes  when  a  weaker  current  is  need, 
to  a  very  marked  and  probably  tetanic  contraction  of  the  heart- 
muscle.  The  dilation  (local  paralysis)  may  possibly  be  due,  at 
least  in  part,  to  nerve  influence,  while  the  other  is  the  result  of 
the  direct  effects  of  the  current  on  the  heart-muscle  itself. 


THE  FUNCTIONS  OF  THE  TONSILS.    By  R.  Hingston 

Fox,  M.D.,  M.E.C.P. 

It  is  remarkable  that,  easy  of  inspection  as  the  tonsils  are, 
and  frequently  as  they  are  affected  in  a  large  number  of  diseases, 
so  little  is  certainly  known  as  to  their  function. 

The  tonsils  are  the  largest  and  most  conspicuous  portions  of 
a  ring  of  lymphatic  structures,  which  extends  around  the  pharynx 
and  fauces.  Thus  there  are  very  abundant  nodules  of  adenoid 
tissue  on  the  back  of  the  tongue  at  its  root,  and  numerous  similar 
nodules  on  the  sides  of  the  pharynx  about  the  orifices  of  the 
Eustachian  tubes,  whilst  others  are  disposed  on  thlB  hinder  wall 
of  the  pharynx  so  as  to  form  a  band  across  it  at  this  level.^ 

The  tonsil  itself  has  been  described  as  the  largest  mass  of 
adenoid  tissue  in  the  body,  being  an  aggregation  of  round  nodules, 
composed  of  this  tissue,  and  often,  though  not  very  appropriately, 
spoken  of  as  "  follicles."  It  is  unnecessary  to  describe  adenoid 
or  lymphatic  tissue  in  detail,  further  than  to  say  that  it  consists 
almost  entirely  of  small  amoeboid  cells  similar  to  those  of  the 
blood,  but  many  of  them  presenting  double  or  partially  divided 
nuclei,  these  cells  being  enclosed  in  a  retiform  matrix.  There 
is  an  abundant  supply  of  blood-vessels  and  of  lymphatic  plexuses, 
and  the  free  surface  of  the  gland  is  covered  by  a  thick  layer  of 
stratified  squamous  epithelium.  This  surface  presents  many 
involutions,  forming  blind  depressions,  the  crypts  of  the  tonsil, 
into  which  the  ducts  of  small  mucous  glands  open,  and  around 
which  the  adenoid  nodules  are  disposed.  Such  crypts  are  found 
also  on  the  back  of  the  tongue. 

There  is  one  further  fact  which  may  be  here  alluded  to.  It 
is  stated  by  embryologists^  that  the  fauces  is  the  seat  of  what 
may  be  termed  a  developmental  junction ;  that  at  this  spot  the 
inflected  layer  of  epiblast  which  forms  the  lining  membrane  of  the 
mouth  meets  the  layer  of  hypoblast,  which  forms  the  major  part 
of  the  alimentary  canal.  I  lay  no  special  stress  upon  this  state- 
ment, but  if  it  is  well  grounded  it  is  of  some  interest.  It  has 
long  been  pointed  out  that  new  growths  are  apt  to  arise  at  such 

'  Eolliker,  quoted  in  Quain's  AntUomj/f  section  Pharynx, 
'  Qnain's  Anatomy,  9th  ed.,  toL  iL  pp.  878,  883,  884. 
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junctions,  where  tissues  of  differing  affinities  met  Now,  it  is 
curious  that  the  fauces,  if  it  be  such  a  junction,  should  be  the 
spot  selected  by  so  many  diseases  for  the  production  of  inflam- 
matory lesions. 

Passing  on  to  inquire  into  the  function  of  the  tonsil,  we  may 
ask  first,  Does  this  gland  belong  to  the  respiratory  or  to  the 
digestive  tract  ?  Unquestionably,  to  the  digestive  tract.^  When 
the  position  of  the  gland  is  considered,  and  its  relation  to  the 
surrounding  structures  during  the  acts  of  respiration  and  degluti- 
tion, no  other  conclusion  can  I  think  be  arrived  at. 

Let  us  take  the  condition  when  the  mouth  is  at  rest  and 
closed.  The  cavity  of  the  mouth  is  then  nearly  obliterated  ; 
some  space  is  left  between  the  tongue  and  hard  palate,  but 
further  back  the  velum  palati  (or,  at  least,  its  lower  edge)  lies 
in  apposition  to  the  tongue  surface.  If  the  fauces  be  attentively 
examined  whilst  the  mouth  is  closing,  it  will  be  seen  that  the 
relaxed  soft  palate  tends  to  assume  a  very  sloping  direction  down- 
wards and  backwards,  perhaps  nearer  to  the  horizontal  than  to 
the  vertical,  and  that  the  pillars  on  either  side  arch  outwards, 
also  in  a  direction  tending  towards  the  horizontal. 

Now  the  posterior  arch  of  the  soft  palate  is  at  a  lower  level 
than  the  anterior,  and  the  hinder  pillars  are  nearer  together  than 
those  in  front.  This  gives  to  the  faucial  arch  a  hollowed  appear- 
ance in  front,  and  this  hollow  is,  in  my  belief,  filled,  when  the 
mouth  is  closed,  by  the  root  of  the  tongue,  which  is  convex  from 
side  to  side  as  well  as  from  above  down.  If  this  be  so,  the 
hinder  pillars  of  the  fauces  lie  against  the  tongue  surface,  as  do 
those  in  front,  and  the  tonsils,  being  situated  on  each  side  in  the 
interval  between  the  pillars,  lie  also  against  the  tongue,  and  are 
shut  off  from  the  pharynx. 

In  support  of  these  statements,  I  may  allude  to  the 
moulded  shape  which  the  tonsil  often  assumes  when  it  is 
enlarged  and  soft :  thus,  I  have  more  than  once  observed  the 
arese  distinctly  mapped  out  upon  its  surface, — that  facet  which 
lay  in  contact  with  the  tongue,  separated  by  a  ridge-like  line 
from  the  facet  which  was  in  contact  with  the  swollen  uvula.  It 
is  also  common,  when  a  patient  opens  his  mouth  for  inspection 
of  the  throat,  to  see  vanishing  strings  or  sheets  of  mucus,  stretch- 

*  Of,  Dr  H.  Ashby  in  PrcuiUioner,  vol.  xxxi.  pp.  407  sqq. 
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ing  between  the  pillars  of  the  faaces  or  the  tonsils,  and  the 
tongue  sarface  with  which  they  have  just  been  in  contact 

It  will  not  be  contested  that  normal  respiration,  after  the 
period  of  infancy,  takes  place  through  the  nose,  the  mouth  being 
kept  shut.  From  the  posterior  nares  the  respiratory  tract  will 
then  pass  down  the  hinder  surface  of  the  velum,  and  over  the 
root  of  the  tongue  against  which  it  lies,  without  entering  the 
mouth,  or  coming  in  contact  with  the  tonsils. 

In  the  act  of  deglutition,  on  the  other  hand,  each  morsel  of 
food,  being  grasped  first  by  the  anterior  and  then  by  the 
posterior  lamina  of  the  faucial  arch,  must  necessarily  be  brought 
into  contact  with  the  tonsils, — ^indeed,  it  must  actually  be  rubbed 
against  their  surface  during  its  passage  through  the  fauces 
Surely  the  function  of  these  glands,  whatever  it  may  be,  must 
have  some  relation  to  that  which  is  swallowed. 

If  further  argument  be  needed  to  sustain  the  position  that  the 
tonsils  belong  to  the  digestive  tract,  it  may  be  pointed  out  that, 
whilst  there  is  no  other  considerable  collection  of  adenoid  tissue 
in  any  part  of  the  respiratory  tract,  there  exist  in  the  lower  part 
of  the  digestive  canal  bodies  almost  identical  in  structure  with 
the  tonsils,  and  connected  with  them  by  a  close  pathological 
relationship — the  solitary  and  agminated  glands  of  the  intestine. 
It  would  be  out  of  place  to  enlarge  here  upon  this  relationship, 
but  it  is  a  matter  of  great  interest 

Besides,  then,  the  presence  of  adenoid  tissue  in  fine  layers  in 
the  coats  of  the  digestive  tube,  in  the  substance  of  the  villi,  &c., 
as  indeed  it  is  found  in  all  the  important  tracts  and  organs  of 
the  body,  there  are  these  large  and  obvious  collections  of  adenoid 
tissue  in  the  wall  of  the  canal—the  tonsils  and  neighbouring 
nodules  at  the  fauces,  and  the  solitary  and  agminated  glands  in 
the  intestines.  As  a  class,  these  organs  have  been  termed  the 
"follicular  lymphatic  glands,"  to  distinguish  them  from  the 
"  conglobate  "  or  ordinary  lymphatic  glands  of  the  body.^ 

The  follicular  lymph  glands  are  separated  only  by  the  ordinary 
epithelial  lining  from  the  contents  of  the  digestive  canal.     It  is 

^  It  need  hardly  be  said  that  these  latter  differ  only  in  their  more  complicated 
stmctore,  being  traversed  by  lymph  channels,  so  adapted  that  the  fluid  may  be 
brought  into  intimate  contact  with  the  adenoid  nodules  in  its  passage  through 
;y*'     the  glands. 


562  DR  R.   HINGSTON  FOX. 

hardly  possible  to  escape  the  coDclusion  that  an  interchange  of 
some  kind  must  take  place  between  the  glands  and  the  food 
materials.  What  is  the  nature  of  this  interchange?  Their 
structure  forbids  the  idea  that  these  organs  are  secreting  glands 
in  the  ordinary  sense.  They  consist  of  closed  nodules,  without 
ducts,  and  without  any  gland  cells  other  than  the  small  white 
amcBboid  corpuscles  alluded  to. 

Yet  the  writer  of  the  article  "  Tonsil,"  in  Quain's  Dictionary 
of  Medicine}  states,  without  any  question,  that  the  office  of  that 
organ  is  to  secrete  a  lubricating  fluid  to  moisten  the  fauces  and 
aid  in  deglutition !    This  view  appears  to  me  wholly  untenable. 

As  regards  the  solitary  and  agminated  glands,  we  are  not, 
however,  left  in  any  doubt.  The  process  of  absorption  of  fat 
particles  in  large  quantity  by  the  amoeboid  cells  of  these  glands 
has  been  repeatedly  observed  by  Schafer^  and  others.  That  the 
glands  are  absorbent  in  function  is  what  we  should  infer  from 
their  structure. 

I  am  not  aware  that  any  observations  of  this  kind  have  been 
as  yet  made  upon  the  tonsil,  except  that  Stohr  has  observed 
leucocytes  passing  apparently  between  the  epithelial  cells,  and 
reaching  the  mouth.^  But  in  view  of  its  structure,  and  of  the 
ascertained  function  of  the  closely  allied  glands  in  the  intestinal 
canal,  it  appears  to  me  that  we  may  safely  conclude  that  the 
office  of  the  tonsil  also  is  one  of  absorption. 

It  will  be  objected  to  this  view  that  the  epithelial  layer 
covering  the  gland  is  so  thick  as  to  render  absorption  through  it 
improbable.  The  observation  of  Stohr  just  quoted  would,  if 
quite  reliable,  meet  this  objection,  the  more  so  as  it  has  recently 
been  shown^  that  the  absorbent  processes  which  take  place  in 
the  digestive  canal  are  largely  carried  on  through  the  agency  of 
leucocytes.  There  is  no  prima  facie  reason  why  white  cells  or 
their  pseudopodia  should  not  pass  between  the  cells  of  a  fairly 

1  Page  1647. 

•  InUmatumal  Jowrnal  of  Anatomy  and  Histology,  vol.  it  No.  1,  1885,  pp. 
6-29.  I  am  indebted  to  Mr  J.  McCarthy,  Lecturer  on  Physiology  at  the  London 
Hospital  CoUege,  for  a  reference  to  this  paper.  See  also  review  of  Zawarykin's 
researches,  in  Lancet,  1888,  ii.  p.  64. 

>  Stohr,  in  Virchow's  Archiv,  qnoted  by  Schiifer  {loe,  dt. ),  and  by  Landois. 

*  Schiifer,  loe,  cU,  Philipson  states  that  absorption  on  epithelial  surfaces  takes 
place  through  the  iutercelluUr  cement  substance  (Lancet,  1884,  ii.  p.  309). 
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thick  layer  of  stratified  epithelinm  in  the  moist  living  condition. 
Pathological  considerations  lend  a  further  support  to  this  view, 
for  there  is  strong  reason  to  believe  that  the  tonsils  absorb 
morbid  poisons  directly  from  the  saliva. 

It  is  not  indeed  likely  that  any  considerable  absorption  can 
take  place  from  the  bolus  of  food  as  it  passes  rapidly  through 
the  isthmus  of  the  fauces,  encased  in  its  glutinous  covering  of 
salivary  fluid.  But  the  fauces  give  passage  to  something  besides 
food.  I  allude  to  the  Saliva.  During  the  intervals  between 
meals,^  a  constant  stream  of  this  secretion  is  very  slowly 
trickling  through  the  fauces,  converging  from  the  floor  of  the 
mouth  on  each  side,  and  from  the  dorsum  of  the  tongue,  to  pass 
down  over  the  root  of  that  organ  into  the  pharynx.  In  its 
passage  the  saliva  not  only  fills  the  crypts  and  bathes  the 
lymphatic  nodules,  with  which  this  part  of  the  tongue  surface 
is  richly  furnished,  but  it  must  also,  and  especially,  bathe  the 
tonsils,  since  these  organs  lie  in  the  groove  on  each  side  of  the 
tongue  and  probably  against  its  surface. 

I  believe  the  function  of  the  tonsil  to  be  connected  with  this 
stream  of  saliva,  which  is  poured  over  it  without  cessation  day 
and  night. 

It  has  been  stated  that  the  bulk  of  all  the  secretions  which 
are  furnished  to  the  digestive  canal,  are  reabsorbed  by  the  blood- 
vessels of  the  segment  below.^  That  this  is  so,  for  example, 
with  some  of  the  chief  constituents  of  the  bile,  is  generally 
believed.^  I  ask  then,  Is  it  not  reasonable  to  think  that  the 
tonsils  reabsorb  from  the  saliva,  in  the  intervals  of  meals, 
certain  of  its  constituents  which  would  otherwise  be  wasted  ? 

In  conformity  with  modern  views,  we  may  regard  the  adenoid 
tissue  of  which  the  tonsils  are  composed  as  the  birthplace  of 
leucocytes.  The  materials  which  would  be  perhaps  wasted  in 
the  stomach  are  thus,  if  my  theory  is  correct,  intercepted  by 

^  That  the  saliva  is  secreted  in  considerable  quantity  when  food  is  not  being 
taken  is  evidenced  in  cases  of  salivary  fistula,  and  by  the  dropping  of  saliva 
from  the  mouths  of  persons  daring  sleep,  which  is  often  observed.  The  saliva 
is  also,  as  we  are  all  aware,  not  usually  subjected  to  definite  acts  of  deglutition, 
but  passes  imperceptibly  through  the  fauces. 

^  See  review  of  Brinton  on  ''Food,'*  in  Med,  Chir,  Revieuo,  voL  xxx.  p.  243. 
Dr  Alkhin  in  Quain's  Did.^  p.  496. 
^  >  See  especially  Tappeiner,  reviewed  in  LoTid.  Med,  Record,  Oct.  1885,  p.  423. 
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these  glands,  and  made  to  minister  to   the  growth  of  white 
cells. 

The  tonsils  are  apt  to  atrophy  in  middle  and  later  life. 
Adenoid  tissue  everywhere  is  more  largely  developed  in  child- 
hood, when  not  only  nutrition  but  growth  has  to  be  provided 
for,  than  it  is  afterwards.  And  there  is  nothing  surprising  in 
the  fact  that  these  nurseries  of  young  leucocytes  (permit  the 
fancy),  planted  here  as  it  were  by  the  river  side,  and  drawing 
their  sustenance  from  the  nutrient  stream,  should  dwindle  in 
later  life  when  the  demand  for  white  cells  has  become  much 
less. 
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INVEST  taATIONS     IN     THE    RELATION    BETWEEN 
CONVERGENCE  AND  ACCOMMODATION  OF  THE 
EYES.     By  ERHKSr  E.  Maddox,  M.B.,  CM.  Edin.,  Syme 
Surgical  Felloio  in  ike  University  of  Sditthurgh. 
{Gantimitdfrom  p.  G08,  toL  ii.) 

V.  I>isiant  Vision. 
Wb  have  Been  that  with  near  vision  the  visual  axis  of  an 
excluded  eye  generally  deviates  outwards  from  its  follow;  it 
appears  to  be  just  as  usual  with  distant  vision  for  an  excluded 
eye  to  deviate  inwards.  This  is  eftsily  shown  by  pricking  two 
piu-holes  through  a  piece  of  paper  at  a  distance  of  rather  less 
than  2^  inches  from  each  other.  On  holding  them  horizontally 
before  the  eyes,  and  looking  through  the  left  aperture  with  the 
left  eye  at  a  distant  object,  the  two  circular  images  vary  in  their 
apparent  relative  position  according  to  the  distance  of  the  paper 
from  the  eyes  in  such  a  way  as  to  demonstrato  the  presence  of 
relative  coovei^ence.  More  need  not  be  said  about  this,  since 
the  camera  acts  upon  the  same  principle.^ 

Exp.  26. — The  central  and  right  lateral  apertures^  are  used  as  in 
fig.  6,  the  stop  being  to  the  riKht. 

The  obeerver,  instead  of  looking 
at  the  ceutrul  aperture  (a),  as  in 
testing  for  near  vision,  now  looks 
tlirough  it  at  any  very  distant  ob- 
ject, and  wliile  doing  so  moves  the 
right  slide  till  its  aperture  appearH 
to  lie  just  below  the  im^e  of  the 
central  one. 

If  then  the  distance  between  the 
aeliial  apertures  be  measured,  they 
will  be  found  separated  by  an  in- 
terval rather  lest  than  the  distance 
between  the  centres  of  the  two 
eyes.     Now,  since  the  left  eye  is  ^  .„ 

looking  direcUy  at  the  object,  the  "^^h*" 'Jt ii!„r "vl^i^^r  "'J^^'.^^ 
image  of  the  object,  as  weU  as  that  „  ^tonld  be  level  with  a',  and  f 
of  the   aperture  which  encircles  it      with?'.) 

*  A  notice  of  thia  eiporimcnt  \raa  kindly  commuiiicated  for  me  bj  Prof.  Cnim 
Brown  to  the  iVoe.  Roy.  Soc.  Edin.  in  lB83-ia8i. 

*  At  tlic  time  wIigq  the  figure  was  made  I  used  the  right  or  higher  lateral  aperture. 
I  BOW  use  the  left  or  lower  one  to  eUminate  more  compUt4il7  the  desire  for  TuBioD. 
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as  in  a  frame,  must  fall  od  the  left  fovea  centralis  or  point  of  acutest 
vision.  The  encircled  image  therefore  is  referred — where  all  foveal 
images  are  referred — to  the  line  which  bisects  the  sugle  of  convergence. 
But  the  other  aperture  has  been  placed  so  that  ita  image  appears  to  be  in 
the  same  line,  or  rather  slightly  below  it ;  it  therefore  must  fall  exactly 
above  the  right  fovea,  on  the  median  vertical  meridian  of  the  right 
retina.  Since  each  image  falls  on  a  median  vertical  meridian,  it 
follows  that  if  the  apertures  themselves  were  separated  by  an  interval 
equal  to  the  interceutral  distance,  the  visual  axes  would  be  parallel ; 
if  the  interval  were  greater  there  would  be  relative  divergence,  but 
as  it  is,  the  interval  is  less,  showing  relative  convergence. 

Moreover,  if,  while  the  apertures  are  still  kept  in  position,  botk  eyes 
be  made  to  observe  distant   objects   through  them, 
the  imagee  none  the  less  appear  superimposed ;  the 
amount  of  convergence  attached  to  distant  vision  re- 
mains unaltered,  whether  one  eye  or  both  is  used.* 
Since  the   natural  outflow  of  energy  from  the  con- 
verging centre  when  the  desire  for  fusion  is  absent  is 
a  delicate  comparative  index  of  the  accommodating 
energy,  this  fact  shows  that  the  activity  of  the  accom- 
modating centre  is  no  greater  when  both   eyes   are 
used  than  when  vision  is  confined  to  one,  and  corro- 
borates the  statement  that  accommodation  is  the  work 
of  a  single  innervation  affecting  both  eyes  equally  at 
the  same  time.     The   object  thus  seen  by  the  right 
eye,  through  the  lower  aperture,  is  one  which  really 
lies  in  a  space  to  the    ie/t  of    the    object    seen  by 
the    left  eye  through    the    higher    aperture.     Thus, 
if  in  figs,  7  and  8,  a  and  b  are  two 
distant  objects,  a  is  seen  by  the 
right    eye    through    the  lower 
aperture,  and  b  by  the  loft  eye 
through  the  higher  one.     Fig. 
9  shows  that  for  this  to  occur 
the  visual  axes  must  cross  some- 
where between  the  camera  and 
the  distant  objects.    This  cross- 
ing point  is  at  anaverage  distance 
of  about  112  inches  from  my 
own  eyes. 

Another  glance  at  figs.  7  and 
8  will  make  it  evident  that  for 
the  same  object  (6)  to  be  visible 
Fios   7  ana  8  — Ulijficta    ^^  '"'"'  '^^'^'  ^^^  lower  of  the 
(^,   *)    seen   throuch  '"o   apertures    must    be    drawn  '^'    ' 

the  apertures  of    the  away  from  its  apparent  position  just  under  the 
camera.  other  to  tlie  right.     Let  ttiis  be  done  till  "h"  ia 

visible   in   both  apertures,    the  actual  distance   between   them    will 
'  Tliis  presumes  tlic  possession  of  eyes  of  eijual  refraction. 
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then  be  the  same  as  the  distance  between  the  centres  of  the  two 
eyes,  while  the  apparent  distance  between  them  will  indicate  the 
degree  of  relative  convergence  present.  To  measure  it,  we  need  only 
take  the  differenice  between  the  number  of  degrees  now  recorded  and 
that  previously  recorded  when  the  lower  aperture  appeared  just  under 
the  other.  In  taking  these  observations  on  others  it  is  essential,  to 
obtain  accurate  results,  that  the  arms  should  be  supported ;  or  better 
still,  that  the  camera  itself  should  be  hinged  (as  mine  is)  on  a  stand, 
so  that  by  telescopic  action  it  can  be  raised  or  lowered  to  any  required 
height,  or  inclined  at  any  angle.  It  is  difficult  otherwise  to  maintain 
the  requisite  steadiness,  and  the  arms  get  tired  before  the  observation 
is  complete. 

The  amount  of  Relative  Convergence  with  negative  accommoda- 
tion, — This  varies  in  different  individuals,  being  apparently  much 
greater  in  some  than  in  others.  In  my  own  case  fifty  observa- 
tions of  the  amount  of  relative  convergence,  associated  with  very 
distant  vision,  gave  the  average  of  I*'  18'  43".  By  more  than 
neutralising  my  half  dioptre  of  manifest^  hypermetropia  I  have 
never  succeeded  in  reducing  the  convergence  lower  than  28'  30". 
For  a  hypermetrope  such  convergence  excites  no  surprise;  it 
would  indeed  be  looked  for,  since  the  ciliary  muscle,  unlike  that 
of  an  emmetrope,  is  never  quite  relaxed  in  distant  vision,  and  a 
certain  amount  of  attached  converging  effort  might  therefore 
well  be  expected  to  cling  to  it  But  in  fact  the  convergence 
noted  is  less  in  degree  than  with  most  of  the  emmetropic  eyes  I 
have  tested.  The  unexpected  feature  is  the  comparative  small- 
ness  of  it,  in  the  presence  of  hypermetropia.  Were  the  connec- 
tion between  the  two  efforts  as  complete  as  it  was  once  thought 
to  be,  as  much  as  three  and  a  half  degrees  of  convergence  would 
accompany  each  dioptre  of  hypermetropia. 

Dr  Bolton  in  six  cases,  without  known  hypermetropia,  ob- 
tained an  average  inward  deviation  of  l"*  38',  and  I  found  that  of 
a  similar  number  of  records  to  be  2°  16'  14",  The  variations  in 
tliese  twelve  persons  were  from  0**  to  4**.  Large  relative  conver- 
gence in  distant  vision  appears  to  be  generally  associated  with 
small  relative  convergence  in  near  vision,  and  vice  versa,  though 
not  without  frequent  and  sometimes  striking  exceptions.  In 
one  instance  slight  divergence  was  found  by  Dr  Bolton  with 
negative  accommodation,  and  in  another,  relative  convergence 

*  "Manifest"  liypcrmetropia  is  that  which  is  discoverable  without  the  use  of 
atropine,  while  the  remainder  is  latent. 
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noted  for  some  time  gave  way,  after  a  great  nervous  expenditare, 
to  parallelism  or  even  slight  divergence  of  the  visual  axes,  which 
continued  for  several  days.  I  find  that  in  the  absence  of  excep- 
tional causes  of  disturbance  the  amount  of  relative  convergence 
attached  to  negative  accommodation  goes  through  a  fairly 
uniform  variation  through  each  day,  becoming  greater  as  the  day 
advances,  but  suffering  a  fall  after  each  meal,  though  more 
especially  after  the  principal  midday  one.  The  average  A.M. 
record  was  l""  5'  12",  and  the  p.m.  record  1"  24'  33",  while  the  after- 
dinner  one  was  1**  3'  4".  The  relative  divergence  in  near  vision 
(at  10  inches)  diminishes  through  the  day,  though  by  far  the 
greatest  fall  occurs  during  the  first  hour  after  rislDg.  The  con- 
vergence attached  to  negative  accommodation  and  that  attached 
to  great  positive  accommodation  do  not,  however,  rise  and  fall 
together,  for  the  relative  diveigence  in  the  latter  as  noticed  by 
the  camera  is  lessened  shortly  after  a  meal,  especially  after  the 
midday  one,  showing  that  the  attached  convergence  is  increased 
at  the  same  time  that  that  of  negative  accommodation  is  dimin- 
ished. The  average  deviation,  with  vision  for  10  inches,  before 
the  eyes  were  otherwise  opened  in  the  morning,  was  7°  36^  In 
this  I  have  not  included  an  exceptional  record  of  about  3°  35' 
after  disturbed  sleep,  consequent  on  the  uncustomary  taking  of 
a  supper  on  the  previous  night.  It  is  known  how  irritation  of 
the  primse  vise  may  cause  temporary  nervous  strabismus  in 
children ;  this  record  ia  so  interesting,  as  showing  how  the  same 
condition  which  causes  a  pathological  efiect  at  one  age  may  at  a 
later  one  cause  only  an  unnoticed  efibct  on  the  physiological 
condition  of  the  centres,  that  I  give  here  the  observations  of 
that  day,  and  the  one  before  and  after  it.^ 


7.15  a.m. 

7.55  A.M. 

8.20  A.M. 

9  A.M. 

10  A.M. 

First  day,     .     .     . 
Second  day, .    .     . 
Third  day,   .     .     . 

7*45' 
3*'35' 
8^20' 

7** 

... 
6'*87'* 

6" 
4°  15' 

•  *  • 

•  •  « 

5'  46' 

•  ■  • 

6"  26'  28* 

•  •  • 

It  may  be  noted  that  while  the  records  of  the  first  and  third 

^  Owing  to  an  imperfect  marking  of  the  camera  these  records  are  all  slightly 
too  large,  though  uniformly  so ;  they  serve  for  comparison  only.  The  one  marked 
*  was  earlier  than  the  time  given. 
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days  diminish  as  usual,  those  of  the  second  day  gradually  increase 
to  the  usual  amount  Before  attempting  to  estimate  the  effect 
of  drugs  and  different  conditions  on  the  brain  centres,  it  would 
be  well  for  the  observer  to  become  acquainted  with  his  own 
diurnal  variations. 

Point  of  Coincidence, — When  an  object  is  moved  along  that 
horizontal  line  of  the  sagittal  plane  which  is  level  with  the 
pupils,  and  looked  at  with  one  eye,  there  is  a  certain  distance  at 
which  the  meeting-place  of  the  two  visual  axes  coincides  with 
the  object.  I  name  it  the  "  point  of  coincidence,''  since  here 
the  attached  convergence  coincides  exactly  with  the  accommo- 
dation to  which  it  is  attached.  At  this  point  there  is  neither 
i*elative  convergence  nor  divergence ;  wheu  the  object  is  beyond 
it,  there  is  the  former ;  when  within  it,  the  latter.  In  some  it 
might  be  rather  a  region  than  a  point.  Were  the  object  moved 
along  different  radiate  lines  in  the  horizontal  plane  with  direct 
oblique  vision,  the  points  so  discovered  would  constitute  a 
horizontal  "line  of  coincidence,"  and  similarly  a  vertical  line  of 
coincidence  could  be  found. 

My  own  point  of  coincidence  in  the  line  first  mentioned, 
which  runs  straight  forward  from  the  root  of  the  nose,  has  varied 
from  56  inches  to  14  inches  distant.  As  might  be  expected  from 
the  Quctuations  in  the  amount  of  deviation  attached  to  near  and 
distant  vision,  it  shifts  from  minute  to  minute,  according,  doubt- 
less, to  the  occupation  of  the  eyes  as  well  as  the  conditions  of 
the  nervous  system. 

The  camera  fumiBhes  the  most  exact  method  of  finding  tho  dis- 
tance of  the  point  of  coincidence,  but  the  double  prism  is  a  much 
more  ready  means.  With  the  former  an  object  is  approached  till  it 
is  visible  in  the  central  and  one  of  the  lateral  apertures  at  the  same  time 
that  the  apertures  themselves  appear  superimposed ;  or,  better  still,  a 
card  coloured  red  to  one  side  of  a  verticed  line  and  green  to  the  other, 
and  provided  with  printed  matter  to  insure  exact  accommodation,  is 
carried  on  a  traveller  of  a  strip  of  wood  hinged  on  to  the  stand  of  the 
camera.  The  left  biuss  slide  of  the  camera  is  withdrawn  more  than 
half  its  own  length,  so  as  to  leave  a  short  stationary  slit  instead  of  an 
aperture.  With  the  stop  to  the  left,  place  the  card  so  that  the  median 
line  on  it  is  visible  through  the  central  aperture  by  the  right  eye ;  it 
is  then  made  to  approach  or  recede  till  the  lines  seen  in  the  sHt  and 
the  aperture  appear  continuous.  This  method  permits  of  great  nicety 
as  well  as  speed.  It  is  very  important  to  insure  that  the  eyes  are 
accurately  accommodated  for  the  object.     When  this  precaution  is 
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taken,  the  variations  are  far  less.  Strangely  enough,  I  have  uniformly 
found  the  distance  of  the  point  of  coincidence  greater  after  very  near 
vision  of  fine  print,  and  less  after  distant  vision.  Another  method  I 
have  employed  is  to  use  a  long  graduated  strip  of  wood,  at  one  end  of 
which  the  double  prism  ^  can  be  fixed  at  pleasure ;  it  rests  on  the 
mantelpiece  or  any  convenient  horizontal  situation,  and  a  night-light 
or  other  appropriate  object  is  moved  along  it  till  the  three  images  are 
exactly  in  a  lino.  Objects  should  be  avoided  which  have  vertical 
edges  if  they  are  long  enough  to  overlap.  For  self-trial  a  wooden 
traveller  is  used,  which  can  be  pulled  backwards  and  forwards  by  a 
piece  of  string.  This  is  the  easiest  expedient,  but  is  not  so  exact  or 
trustworthy  as  that  with  the  camera. 

When  diplopia  is  heteronymous,  it  shows  the  point  of  coincidence 
is  beyond  the  object,  which  must  therefore  be  made  to  recede,  and 
conversely  to  approach  when  diplopia  is  homonymous.  It  is  easy  to 
see  the  becuring  of  this  point  on  the  well-known  clinical  test,  in  which 
a  flame  at  some  distance  serves  for  the  object  of  view  and  a  prism 
(base  vertical)  is  held  before  one  eye ;  of  the  two  images  which  appear, 
one  passes  to  the  right  or  left  of  the  other,  according  to  the  existing 
relationship  between  accommodation  and  convergence.  The  distance 
of  the  flame  from  the  observer  has  been  thought  a  point  of  little  con- 
sequence, but  the  whole  result  depends  upon  it  If  the  distance  is 
less  than  that  of  the  point  of  coincidence,  relative  divergence  will 
appear,  while  if  greater,  relative  convergence  will  betray  itself ;  pro- 
vided, of  course,  that  the  prism  is  held  absolutely  vertical  If  neither 
deviation  is  observed,  the  flame  is  exactly  at  the  point  in  question ; 
but  if  this  happened  with  the  flame  at  the  usual  distance  of  7  or  8 
feet,  there  would  almost  certainly  be  observed  a  wide  deviation  out- 
wards if  near  vision  were  tested.  Since  the  distance  of  the  point  of 
coincidence  is  generally  less  than  that  of  the  flame,  slight  relative 
convergence  would  be  almost  uniformly  detected  were  the  method 
sufficiently  accurate,  though  the  prismatic  errors  liable  to  occur  in  this 
test  are  far  less  than  in  those  which  require  prisms  of  higher  powers. 
The  smaller  the  refracting  angle  of  a  prism,  the  smaller  is  the  degree 
of  accidental  displacement  of  the  image  which  attends  any  rotation  of 
the  prism  from  the  vertical. 

Seven  cases  examined  by  Dr  Bolton  showed  an  average  of  43  inches 
for  the  distance  of  the  point  of  coincidence.  In  one  case  it  was  97 
inches,  about  the  usual  distance  of  the  flame  in  the  clinical  test  spoken 
of,  the  result  of  which,  therefore,  in  this  case  would  have  been  nega- 
tive, though  with  vision  for  10  inches  there  was  a  deviation  outwards 
of  7"  recorded  by  the  camera.  Since  the  average  distance  of  the  point 
is  less  than  that  of  the  flame,  relative  convergence  would  generally 
show  itself  if  the  test  were  carried  out  with  sufficient  accuracy.  There 
might  be  great  outward  deviation  in  near  vision,  or  inward  deviation 
in  distant  vision,  or  both,  and  yet  neither  be  detected  by  the  test  as 
usually  employed. 

^  The  prism  used  is  of  a  square  outline,  which  gives  no  trouble  in  adjusting  to 
the  vortical,  since  one  side  reste  on  the  wood.  * 
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The  point  of  coincidence  is  of  interest^  because  whenever  vision 
of  daily  life  wanders  beyond  it,  the  fusion  effort,  instead  of  acting 
through  the  converging  apparatus,  acts  through  some  diverging 
mechanism,  which  is  doubtless  connected  with  the  external  recti, 
though  it  is  just  possible  that  it  acts  by  inhibition  of  the  converging 
centre.  The  nearer  the  point  of  coincidence  is  to  the  eyes  the  more 
fubion  work  falls  through  the  day  to  the  diverging  mechanism  and  the 
less  to  the  converging  mechanism,  and  vice  vftrsd,  so  that  its  position 
is  what  determines  the  "  division  of  labour "  for  these  two  innerva- 
tions in  their  connection  with  the  desire  for  single  vision. 

I  may  add  that  when  an  object  is  seen  just  within  the  '*  near  point " 
with  the  double  prism  before  one  eye,  relative  divergence  may  for  a 
moment  disappear,  or  even  give  way  to  relative  convergence,  so  great 
is  the  fruitless  effort  to  accommodate  more.  The  effort  shows  itself 
by  the  sympathetic  effect  on  the  converging  centre — a  good  illustra- 
tion of  the  fact  that  it  is  not  accommodation  and  convergence  that  arc 
united,  but  the  nervous  effcrrts  in  the  ganglia  of  the  3rd  nerve  which 
cause  them.  For  this  experiment  care  must  be  taken  to  avoid 
obliquity  of  vision  or  to  allow  for  its  presence. 

If  two  horizontal  slits  are  cut  iu  a  piece  of  paper  or  card- 
board, so  that  the  inner  end  of  each  terminates  in  the  vertical 
middle  line  of  the  card,  and  yet  so  that  one  is  on  a  level  about 
J  inch  higher  than  the  other,  the  point  of  coincidence  can  be 
found  in  a  very  simple  and  inexpensive  way,  without  either 
prism  or  camera,  by  looking  through  the  slits  at  any  vertical 
linear  object  till  it  appears  continuous  in  each.  It  is  not  very 
trustworthy,  however,  in  a  patient's  hand,  since  obliquity  may 
cause  fallacy.  1 

The  Three  Grades  of  Convergence — We  may  now  distinguisli 
the  three  elements  of  that  complete  convergence  which  occurs 
with  binocular  vision  of  a  near  object. 

1.2  Initial  Convergence — which  is  that  attached  to  negative 
accommodation. 

2.  Accommodative  Convergence — which  is  that,  in  addition, 

attached  to  positive  accommodation. 

3.  The  Fiision  Supplement — which  is  that  excited  by  the 

desire  for  fusion  to  make  up,  when  it  can,  for  the 
deticit  (or  excess)  of  the  other  two. 

^  Two  horizontal  stenopaic  slits  at  different  levels,  placed  in  the  ordinary  trial- 
frame,  would  act  on  the  same  principle. 

^  It  is  convenient  to  use  contractions  for  these — I.C.,  A.C.,  and  F.S.  respect- 
ively; also,  R.C.  for  relative  convergence,  R.D.  for  relative  divergence,  and 
P.C.  for  the  }>oint  of  coincidence. 
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Fig.  10  iUustratfls  these  three  factorB  id  looking  at  a  point  O. 

The  first  brings  t)ie  visual  axes  from  parallelism  pp  to  ii,  the 

second  to  aa,  and  the  third  to  0,     Were  0  at  the  point  of 

coincidoncs  it  would  coincide  with 

aa,  and  the  third  factor  would  he 

engaged  only  in  steadying  the  eyes 

by  counteracting  the  tiny  inequalities 

in    the    evolution    ot    that    nervous 

energy   which    maintains   the   other 

two.     For  objects  beyond  the  poiut 

of   coincidence   there   are   only   the 

first  two  factors  in  convergence  in 

Fig.  10.-T11B  Uirue  elameuta  of  exercise,  the  fusioD  supplement  being 

convBrgeDoe  iu  near  binocular   employed    DO  longer   in  augmeniituj 

vision  of « poiDt  0.  ,        .  ,  .  ,     . 

but  ID  partly  tmdraliavtig  their  effect. 

The  distinction  between  the  initial  and  acconimodative  converg- 
ence is  important,  because  they  are  unequeUy  BfTected  by  dif- 
ferent conditioDS.  Thus  we  have  seen  that  the  effect  of  a  meal 
is  to  diminish  the  former  and  increase  the  latter  so  much,  that  it 
more  than  makes  up  for  the  iniLial  diminution.  Initial  con- 
vergence is  affected  directly  by  the  sympathetic  system  through 
the  external  recti,  while  the  accommodative  convergeDce  is  only 
affected  by  changes  in  the  cerebral  ceatres  of  the  3rd  nerve  when 
vision  is  near,  and  the  3rd  nnd  6th  when  vision  is  more  remote. 
We  have  already  seen  how  to  measure  the  initial  convergence 
and  the  relative  divei^nce  in  near  vision — the  difference  be- 
tween the  two  gives  the  accommodative  convergence. 

Squints  may  be  analysed  into  their  initial  and  accommodative 
elements  by  careful  measurement,  first  with  negative  accom- 
modation, end  then  with  positive,  by  the  direct  or  blind  spot 
method,  as  required. 

Tlie  accommodative  convergence  can  itself  be  analysed  by 
finding  how  much  ot  it  belongs  to  each  dioptre  of  accommoda- 
tion. To  do  this  objects  are  viewed  at  1  m.,  ^  m.,  J  m.,  and  \  m. 
distance  in  turn ;  but  an  average  of  a  great  many  experiments 
must  be  made  to  get  results  of  any  value.  Dr  Bolton's  experi- 
ments' show  that  the  convergence  attached  to  the  first  dioptre  is 
the  greatest  in  his  case,  being  3°  18'  27".    To  the  2nd  t)  was 

'  Kindly  made  at  request,  Fsbnurj  1888. 
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attached  only  45'  18";  to  the  3rd  D— 2°  54';  and  to  the  4th  D— 
2""  20'.  The  excess  of  the  first  over  the  others  fully  accords  with 
the  fact  that  the  point  of  greatest  RC.  is  not  at  practical  in- 
finity. Objects  at  the  same  distances  give  in  my  own  case 
1°  53'  42"— 1°  13'  37"— 1'  41'  40"— and  T  44'  24"  of  accommoda- 
tive convergence  for  these  four  dioptres  respectively.  The  first 
is  greater  than  the  next  two,  the  second  is,  as  with  Dr  Bolton, 
the  least,  but  the  fourth  is  the  greatest  of  all,  owing  doubtless 
to  the  greater  effort  needed  for  this  dioptre  than  for  the  previous 
ones,  just  as  a  man  must  put  forth  more  effort  in  raising  a 
weight  through  the  fourth  foot  from  the  ground  than  through 
the  first  foot  owing  to  increasing  mechanical  disadvantages.  A 
dioptre  is  a  unit  of  work,  not  of  effort,  and  since  in  a  hyperme- 
trope  these  four  dioptres  are  not  the  first  four,  the  effort  required 
for  each  begins  to  increase  more  rapidly  than  in  an  emmetrope. 
No  doubt  each  succeeding  dioptre,  and  each  succeeding  degree 
of  convergence,  needs  more  effort  than  the  preceding  one,  but  the 
resistance  experienced  by  one  effort  may  increase  more  rapidly 
than  that  experienced  by  the  other,  and  the  amount  of  converg- 
ence attached  to  each  unit  of  accommodation  varies  accordingly 
— at  least  in  near  vision  uncomplicated  by  any  diverging  effort. 
In  testing  the  trm  initial  convergence  of  a  hypermetrope,  the 
compensating  lenses  worn  must  have  their  optical  centres  separ- 
ated by  the  exact  intercentral  distance  of  the  observer,  to  avoid 
their  prismatic  fallacy—- even  then  an  error  exists,  proportionate 
to  the  strength  of  the  lenses  and  the  degree  of  initial  converg- 
ence, for  which  a  subsequent  formula  gives  the  correction.  I 
prefer,  to  avoid  this,  to  place  a  single  lens  of  9^  inches  greater 
focal  length  before  the  central  aperture,  or  else  before  the  slit 
made  by  largely  withdrawing  the  left  brass  slide,  the  end  of 
which  can  then  be  placed  apparently  under  the  central  aperture. 

The  prismatic  action  of  such  a  lens  introduces  no  error  at  all. 
The  farther  a  lens  is  from  the  eyes  the  more  it  relieves  accom- 
modation, because  its  focus  is  brought  by  so  much  the  nearer  to 
the  retina ;  hence  a  weak  lens  at  a  distance  has  the  same  effect 
as  a  more  proximate  and  sti'onger  one.  For  this  reason  old 
people  sometimes  prefer  to  wear  their  spectacles  on  the  tip  of 
the  nose. 

Since  spectacles  are  almost  never  worn  nearer  than  half  an 
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inch  from  the  dioptric  centre  their  power  does  not  exactly  ex- 
press the  relief  they  give  to  the  accommodation — half  an  inch 
at  least  must  be  substracted  from  their  focal  length  to  do  this. 
Hypermetropia  therefore  is  always  slightly  greater  than  the  trial 
lenses  indicate,  and,  conversely,  myopia  is  always  less.  Bat  this 
is  a  digression — it  is  to  illustrate  why  a  lens  at  the  base  of  the 
camera  must  be  weaker  than  one  before  the  eyes.  I  have  as  yet 
by  such  lenses  only  been  able  to  reduce  my  initial  convergence, 
and  have  never  obtained  complete  parallelism  of  the  axes. 

Point  of  greatest  relative  Convergence. — In  glancing  with  one 
eye  at  objects  intermediate  between  practical  infinity  and  the 
point  of  coincidence  I  had  thought  that  the  amount  of  relative 
convergence  diminished  uniformily  with  each  approach  of  the 
point  of  view,  until  at  the  point  of  coincidence  it  gave  way  to 
commencing  relative  divergence.  But  Dr  J.  S.  Bolton  dis- 
covered that  in  his  own  case  the  relative  convergence  at  first 
increased  as  vision  became  less  remote,  reaching  its  maximum 
when  an  object  is  viewed  at  5  metres;  within  which  it  gradually 
diminished  up  to  the  point  of  coincidence.  His  '*  initial  conver- 
gence" was  1°  10';  relative  convergence  increased^  with  accommo- 
dation for  8  metres,  to  I''  44';  for  6  m.  to  2"";  and  for  5  m.  to  2""  12' 
36".  It  was  here  therefore  nearly  twice  as  great  as  the  initial 
convergence.  At  4  m.  it  fell  again  to  2°;  at  2  m.  to  1°  42^",  so  it 
was  still  greater  than  the  initial  convergence;  at  1  m.  to  1°;  then 
came  the  point  of  coincidence  at  the  distance  of  '85  m.  (34  in.). 

At  half  a  metre  (20  in.)  there  was  relative  divergence  of  1"  24'; 
and  at  the  distance  of  the  apertures  of  the  camera  (*25  m.)  the 
divergence  reached  6°.  On  testing  another  subject  he  found 
*'  the  point  of  greatest  relative  convergence  "  to  be  6  m.  from  the 
eyes.  In  this  case  the  increase  was  not  so  marked,  the  ''initial" 
convergence  being  1°  5'  24",  while  at  6  m.  the  record  gives  only 
1""  45'  36".  At  2  m.  the  relative  convergence  was  still  greater 
than  the  initial,  being  V  18'.  The  point  of  coincidence  was  at 
1  m.;  and  the  relative  divergence,  though  being  2°  15' 36"  at 
half  a  metre,  was  at  the  distance  of  the  camera  6°.  In  these 
two  cases  the  conditions  with  vision  for  10  inches  were  therefore 
the  same,  but  the  smaller  initial  coQvergence  in  the  latter  seemed 
to  throw  the  two  points  of  "  coincidence  "  and  of  "  maximum  re- 
lative convergence  "  to  a  slightly  greater  distance. 
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The  results  id  my  own  case  vary  too  much  to  be  of  any  value 
in  regard  to  this  phenomenon,  the  relative  convergeuce  at 
8  m.  being  sometimes  more  and  sometimes  less  than  the  initial 
convergence;  but  since  the  refraction  is  abnormal,  this  is  no 
guide  to  the  physiological  conditions. 

To  summarise :  If  we  look  at  accommodation  and  the  con- 
vergence attached  to  it  as  two  racers  beginning  from  infinity, 
convergence  has  the  first  start,  and  gains  still  more  up  to  the 
point  mentioned  by  Dr  Bolton  ;  it  then  slowly  falls  behind,  till 
at  the  point  of  coincidence  the  two  are  abreast ;  it  then  con- 
tinues to  fall  behind,  and  thus  creates  the  relative  divergence  of 
near  vision;  but  just  at  the  near  point — the  end  of  the  race — it 
again  gains  ground,  and  comes  in  abreast  or  even  in  front  of 
accommodation. 

T/ie  Point  of  Bepose. — It  has  been  known  for  some  time  that 
the  visual  axes  are  not  parallel  when  the  eyes  are  completely  at 
rest,  i.e,,  without  being  engaged  in  the  vision  of  any  special 
object,  or  affected  by  any  act  of  volition  ;^  but  it  is  difficult  to 
determine  at  what  point  the  axes  meet.  It  is  not  the  point  of 
initial  convergence,  for  that  is  attached  to  negative  accommoda- 
tion. And  it  is  well  known  that  the  ciliary  muscle  can  by  very 
few,  if  by  any,  be  completely  relaxed  without  the  aid  of  a  distant 
object  to  excite  the  desire  for  distinct  vision  ;  so  that  in  a  state 
of  rest  there  is  some  positive  accommodation,  which  cannot  exist 
without  being  accompanied  by  a  due  proportion  of  attached  con- 
vergence of  the  visual  axes  in  addition  to  the  initial  convergence. 

The  natural  position  of  eyes  in  the  dark  I  have  tried  to  de- 
termine by  the  following  experiment. 

Exp.  27. — Use  the  central  and  left  lateral  apertures  of  the  camera, 
with  the  stop  to  the  left ;  but  in  looking  into  it  oover  the  apertures 
outside  with  a  black  pad,  so  as  to  produce  the  impression  that  the 
eyes  are  looking  into  absolute  darkness.  A  momentary  displace- 
ment of  the  pad  (a  penwiper  does  well)  reveals  the  two  apertures  and 
covers  them  again  before  there  is  any  attempt  to  accommodate  for 
them.  The  left  slide  can  be  moved  by  repeated  trials  till,  on  moving 
the  pad,  the  images  appear  in  the  same  vertical  line.  The  real  dis- 
tance between  them  then,  of  course,  records  the  separation  of  the 
visual  lines  at  the  distance  of  the  base  of  the  camera.  The  records 
vary  in  my  own  case  from  5*  to  8°  30,^  being  generally  only  slightly 

^  Mr  Brudenell  Carter  has  expressed  his  belief  that  "in  states  of  rest  the 
internal  recti  possess  the  physiological  preponderance  over  the  extern!  which 
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different  from  the  disposition  of  the  axes  when  one  eye  is  occupied  in 
vision  at  10  inches.  This  is  somewhat  unaccountable,  since  the  radiate 
appearance  of  the  apertures  shows  that  accommodation  does  not  occur 
for  them.*  The  average  of  observations  taken  on  nine  different  occa- 
sions was  6**  26'  16",  while  that  of  the  relative  divergence  at  10  inches 
on  the  same  occasions  was  6°  49'  36",  so  that  the  visual  axes  would  meet 
at  the  distances  of  18j^  and  19^  inches  from  the  eyes  respectively. 
Many  of  the  observations  were  taken  in  the  morning  before  the  eyes 
wei-e  otherwise  opened;  but  though  the  point  was  at  that  time  rather 
more  remote,  the  difference  was  not  greater  than  that  of  the  natural 
relative  divergence  in  near  vision  at  the  same  period.  It  is  difficult 
to  believe  that  so  near  a  point  of  meeting  of  the  visual  axes  should  be 
the  real  position  of  rest.  It  may  be  that  a  psychical  effect  is  pro- 
duced by  looking  into  blank  darkness,  since  near  objects  are  the  ones 
that  would  be  instinctively  looked  for  in  such  a  state.  Still,  on 
closing  the  eyes  and  then  opening  them  suddenly,  the  apparent  posi- 
tion of  the  apertures  only  confirms  the  results.  When  the  light  was 
so  reduced  that  the  mind  could  only  detect  the  dimmest  indications 
of  apertures,  they  appeared  together  when  really  separated  by  10°,  so 
that  the  visual  axes  did  not  meet  until  nearly  34  inches  from  the  eyes. 
On  looking  at  a  dull  surface  without  attempt  to  accommodate,  the 
results  were  intermediate  between  those  of  the  last  two  methods 
(8*  15').  The  position  taken  by  the  eyes  of  a  patient  under  chloroform 
is  not  a  very  trustworthy  indication  of  the  position  of  rest ;  the  effect 
on  the  pupik  points  to  probable  disturbance  of  other  ocular  centres. 
That  the  external  rectus  is  partly  supplied  by  the  sympathetic  is  an 
interesting  fact,  as  showing  to  that  extent  an  antagonism  between  the 
sympathetic  and  the  3rd  nerve  in  the  ocular  movements  we  are  now 
considering,  analogous  to  their  antagonism  in  the  movements  of  the 
pupil ;  chloroform  would  be  likely  to  affect  them  in  a  similar  way. 
In  one  case  I  noticed  marked  external  strabismus  under  chlorofonu, 
which  continued  no  longer  than  the  ansBsthesia.^  The  eyes  made  con- 
stant tiny  oscillations  from  side  to  side,  and  the  margin  of  the  cornea 
was  ^  inch  above  that  of  the  lower  lid.  The  pupil  at  first  widely  dilated, 
but  shortly  after  the  disappearance  of  the  conjunctival  reflex  it  began 

flexor  muscles  commonly  possess  over  extensors,  and  the  eyes  during  sleep  or 
ansBsthesia  are  just  a  little  convergent,  in  the  same  way  as  the  limbs  are  slightly 
flexed.'*  **  This  preponderance,"  he  says,  '*  is  probably  increased  hy  the  fact  that 
in  the  conditions  of  civilised  life  the  externi  are  less  used  than  the  interni 

^  For  these  experiments,  as  indeed  for  all,  a  piece  of  black  silk  depends  from 
the  lower  margin  of  each  wooden  slide  at  the  narrow  end  of  the  camera,  to  ex- 
clude vision  of  other  objects. 

'  To  give  full  attention  to  the  respiration,  and  yet  have  one  hand  free  for  the  eyes, 
it  is  useful  in  administering  chloroform  to  women  to  hold  the  left  end  of  the  towel 
between  the  thumb  and  the  forefinger  of  the  left  hand,  so  that  the  tips  of  the  middle 
and  ring  fingers  rest  continuously  against  the  clavicle,  and  appreciate,  the  former 
the  rolling  movement  of  its  anterior  surface  against  the  side  of  the  last  phalanx, 
and  the  latter  its  npward  movement  against  the  tip.  The  right  hand  is  then  free, 
when  not  adjusting  the  towel,  to  open  both  eyelids  by  its  first  and  little  fingers. 
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gradually  to  contract,  taking  a  long  time  to  get  to  the  size  of  a  pin's 
head.  On  the  removal  of  the  chloroform  it  remained  thus  for  some 
time,  then  suddenly  dilated  nearly  to  its  full,  this  preceding  the  return 
of  the  conjunctival  reflex.  On  reapplying  the  chloroform  it  slowly 
hegan  to  contract  again,  taking  as  hefore  a  long  time  to  reach  its 
minimum  size.  This  was  its  uniform  hehaviour  during  the  two  hours' 
administration  for  an  intra-peritoneal  operation.  The  strabismus  may 
have  been  reflex  from  the  abdomen. 

7^  intercentrcd  distance. — ^There  are  many  methods  of  finding 
the  distance  between  the  centres  of  motion  of  the  two  eyes,  (a) 
The  simplest  and  best  is  to  look  at  a  linear  vertical  object  at  a 
great  distance  through  the  camera,  moving  one  of  the  slides  till 
the  object  appears  to  bisect  the  central  and  one  of  the  lateral 
apertures,  as  attention  is  directed  to  each  io  turn.  The  distaiice 
between  the  apertures  gives  the  intercentral  distance ;  ^  while  the 
number  of  degrees  recorded  between  them  expresses  the  exact 
magnitude  of  the  "  optic  augle  "  (i.6.,  the  angle  included  between 
the  visual  axes)  of  the  person  tested  when  he  looks  with  both 
eyes  at  the  central  aperture ;  since  it  is  through  the  "  alternate  " 
angle  that  the  one  visual  axis  must  rotate  out  from  that  point 
in  order  to  become  parallel  with  the  other  (Euclid,  L  29).  This 
angular  record  is  the  one  most  convenient  to  preserve,  since  to 
obtain  the  "  initial  convergence  "  at  any  time  it  is  only  necessary 
to  deduct  from  it  the  record  given  when  the  simple  observation 
is  taken  of  looking  at  a  distant  object  through  one  aperture  and 
placing  the  other  apparently  beneath  it.  To  convert  the  angular 
dimensions  into  linear  ones,  it  suffices  to  know  the  linear  equiva- 
lent of  each  degree.  It  is  1789  inch,  with  vision  for  10  inches. 
From  this  a  table  may  be  made. 


Tabu  of  the  Linear  VaUu  of  Degrees  at  the  Base  of  the  Camera, 

Inches. 

mm. 

Inches. 

mm.                       Inches. 

mm. 

12' 

2-1468 

54-468 

18"  80'  2-4151 

61-276          14"  50'  2-6587 

67-829 

12"  10' 

2-1766 

55-224 

18"  40'  2-4450 

62-033 

16"         2-6835 

68-086 

12"  20' 

2-2064 

55-981 

14"         2-4748 

62-789 

'   15"  10*  2-7133 

68-841 

12"  30' 

2-2362 

56-737 

14"         2-5046 

68-546 

15"  20'   2-7431 

69-698 

12"  40' 

2-2661 

57-494 

14"  10'  2-5344 

64-303 

15"  30'  2-7729 

70-353 

12"  60* 

2-2959 

58-25 

14"  20'   2-5642 

65-059 

16"  40'  2-8027 

71-11 

13" 

2-8267 

59-007 

14"  30'  2-5940 

65*816 

16"  50'  2-8326 

71-867 

18"  10' 

2-3555 

59-768 

14"  40'  2-6239 

66-572 

16"         2-8624 

72-628 

18"  20' 

2-8858 

60-52 

^  The  measurement  being  partly  on  a  carve,  there  is  a  slight  error  of  -004  inch. 
It  may  be  avoided  where  great  accuracy  is  required  by  using  the  left  aperture  7" 
away  from  the  middle  line  instead  of  the  central  one. 
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From  this  table,  if  either  the  iutrerceutml  distance  or  the 
optic  angle  in  binocular  vision  for  10  inches  be  known,  the 
other  may  be  foand.  The  radius  is  10*25  inches,  since  the 
centre  of  motion  is  behind  the  optical  centre. 

(6)  It  is  not  always  easy  to  find  a  suitable  linear  object  at 
sufficient  distance.  If  the  camera  is  mounted  on  a  stand  it  can, 
after  adjusting  the  central  aperture  for  any  distant  object,  receive 
a  slight  tilt  to  bring  the  other  aperture  to  the  same  level.  The 
tilt  would  always  be  through  the  same  angle,  and  can  with  my 
own  stand  be  mechanically  provided  for  when  this  method  is 
employed. 

(c)  In  practice,  however,  the  object  is  far  more  convenient 
within  the  room.  To  open  a  window  is  not  advisable  always, 
and  to  look  through  it  may  introduce  some  prismatic  error  from 
the  panes.  Any  linear  object  may  be  viewed — if  at  17  ft.  1  inch 
from  the  base  of  the  camera  the  distance  between  the  apertures 
must  be  increased  by  j^tl^*  ^^  ^t  half  that  distance  by  ^^ot^-  I 
now  use  a  card  marked  with  a  vertical  strip  of  white,  \  inch 
wide,  down  the  middle,  to  the  right  of  which  is  all  coloured  red, 
and  to  the  left  green.  After  adjusting  the  camera  so  that  the 
white  strip  is  visible  in  the  central  aperture  with  an  equal  band 
of  colour  on  each  side,  it  is  easy  to  know  whether  to  push  the 
lateral  aperture  in  or  out  by  whether  the  red  or  green  colour  is 
that  seen  through  it.  This  expedient  greatly  compensates  for 
want  of  intelligence  in  the  patient.  The  one  source  of  fallacy 
in  all  methods  with  a  near  object  springs  from  the  varying  dis- 
tance in  different  patients  between  the  corneas  and  the  apparatus; 
but  the  greater  the  distance  of  the  object  the  less  the  error.  The 
card  can  either  be  connected  to  the  base  of  tlie  camera  by  a 
string  of  the  required  length,  or  it  can  be  placed  on  the  strip  of 
wood  already  mentioned  at  the  distance  of  41  inches  from  the  eyes; 
the  latter  is  now  my  usual  practice,  being  much  the  handiest 
and  quickest  indoor  method.  The  record  must  be  increased  by 
adding  a  third  as  much  again.  An  object  nearer  than  this  is  not 
advisable.  In  testing  for  the  relative  convergence  or  divergence, 
when  accommodation  is  exerted  for  objects  nearer  than  practical 
infinity,  it  is  useful  to  know  how  many  marked  degrees  at  the 
base  of  the  box  would  be  intercepted  between  the  visual  axes, 
were  they  both  directed  accurately  at  the  object  viewed.     To 
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find  the  amount  of  deviation  it  is  then  only  necessary  to  deduct 
from  this  the  degrees  recorded  when,  in  looking  at  the  object 
through  one  aperture,  the  other  is  placed  apparently  beneath  it. 
The  separation  of  the  visual  lines  at  the  distance  of  the  base  of 
the  camera  in  binocular  vision  of  any  object  is  given  by  the 

formula  aj=T — t^toF",  where  a;  is  the  required  number  ^^  inter- 

cepted  degrees,  i  is  the  intercentral  distance,  and  d  the  dis* 
tance  in  inches  of  the  object  from  the  eyes. 


VI.  Direct  Oblique  Vision, 

So  far  we  have  considered  the  relation  between  convergence 
and  accommodation  apart  from  any  influence  which  may  be 
exerted  upon  either  by  one  of  those  innervations  which  turns 
both  eyes  to  the  right  or  left.    Whenever  the  point  at  which 
the  visual  axes  meet  lies  to  one  or  other  side  of  the  median 
plane,  a  new  innervation  comes  into  play.     Does  the  interven- 
tion of  this  new  effort  in  any  way  disturb  or  niter  the  relation- 
ship we  have  been  considering  ?    We  can  only  judge  of  efiforts 
by  their  results,  and  these  results  are  in  oblique  vision  compli- 
cated  by  the  fact  that  accommodation   and  convergence  are 
required  in  differing  proportions  when  an  object  is  viewed  with 
different  degrees  of  obliquity.     This,  indeed,  is  in  itself  ample 
reason  why  the  two  are  not  so  inflexibly  bound  together  as 
they  were  once  thought  to  be,  and  as  the  two  accommodating 
mechanisms  actually  are.    Complete  central  connection  might 
at  first  sight  appear  the  simplest  conception.     But  in  daily  life 
the  eyes  need  constantly  to  wander  from  side  to  side,  and  as 
they  do  so,  accommodation  and  convergence  are  required  in  as 
constantly  differing  proportions,  which  make  a  certain  "play" 
between  the  two  innervations  a  necessity,  and  for  which  pro- 
vision is  made  by  superadded   functions  which  can   reflexly 
increase  or  diminish  either  as  required.     But  might  not  these 
have  been  done  without,  by  such  an  adaptation  of  the  central 
connections  that  each  ranging  effort  would  in  a  direct  way  pro- 
duce the  required  modification  in  the  others  ?    No,  for  up  to  a 
certain  geometrical  degree  of  obliquity  accommodation  needs  to 
be  relatively  increased,  while  beyond  it  convergence  needs  to  be 
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increased.  Wby,  then,  if  to  attain  this  play  central  connection 
must  in  part  be  overcome,  is  there  any  snch  connection  at  all  ? 
It  is  a  great  saving  of  the  reflex  fusion-effort 

It  is  evident  that  geometiical  considerations  must  precede  the 
physiological  study  of  the  subject  of  oblique  vision. 

(a)  Accoinviodaiion. — Apart  from  any  connection  with  con- 
vergence, disproportion  between  the  accommodative  requirements 
of  the  two  eyes  is  brought  about  by  the  slightest  deviation  of 
the  point  of  fixation 
from  the  median  plane. 
Fig.  II  illustrates  this 
when  any  flat  object  is 
looked  at,  as  in  reading 
a  book.    The  prolonga- 
tions of  the  visual  lines 
on  the  distal  side  of 
the    line    AB    repro- 
sent  the  disproportion. 
*'■«■  II-  Thus,  when  both  eyes 

are  looking  at  "  u,"  the  object  is  nearer  to  the  right  eye  than  to 
the  left  by  the  distance  tu,  and  so  on.  Every  departure  of  the 
point  of  fixation  from  the  middle  line  lessens  the  required 
accommodation  in  the  opposite  eye,  while  at  first  it  increases 
that  of  the  eye  of  the  same  side  till  the  fixation  point  has  tra- 
versed a  distance  op  equal  to  half  the  intercentral  distance, 
after  which  it  falls  through  a  similar  interval  pq  to  the  original 
amount,  and  then  continuously  dimiuisheB.  But  the  centres 
for  accommodation  are  so  intimately  connected  that  one  eye 
cannot  accommodate  more  than  the  other.  When  variations, 
therefore,  exist  either  in  the  refractive  power  or  requirements  of 
the  two  eyes,  "  that  eye  has  the  bright  image  which  attains  it 
most  easily  at  the  expense  of  the  other  "  (Donders).  They  do 
not  split  the  difference ;  if  they  did  so  there  would  be  diffusion 
circles  in  each  eye.  Since  accommodation  with  normal  refrac- 
tion implies  positive  effort,  that  eye  which  is  farthest  from  the 
object,  end  can  see  it  with  least  effort,  determines  the  accommo- 
dation for  both.  Fig.  12  therefore  represents  "  the  line  of  equal 
accommodation"  for  near  vision,  in  whatever  point  of  which  the 
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object  is  placed  accommodation  remaios  the  same.  It  is  com- 
posed of  two  arcs  of  equal  radius,  described  from  the  centres  of 
their  opposite  eyes. 
In  hypernietropia  the 
line  is  similar;  the 
reasons  for  it  being 


since  accommodation 
is  a  greater  effort ; 
hut  in  myopia  accom-  ^'^-  ^^-  ^'&  i*. 

modatioD  is  negative  outside  the  line  which  limits  the  far  point, 
and  which  is  made  by  drawing  each  arc  from  the  centre  of  the 
eye  of  the  same  side.  Since  iu  these  cases  relaxation  is  often 
nttended  with  more  effort  than  accommodation  (owing  to  spasm 
of  the  ciliary  muscle),  the  "line  of  equal  convergence"  would 
be  of  the  same  shape  as  the  "far  point  line"  for  some  distance 
within  it.' 

(6)  Convergence. — Fig.  1 1  shows  that  convergence,  as  well  as 
accommodation,  diminishes  with  oblique  vision ;  but  that  they 
do  not  diminish  equally  is  made  clear  by  the  fact  that  the  line 
of  equal  convergence  (fig.  12)  is  not  of  the  Bame  shape  as  that 
of  equal  accommodation  (fig.  13).'  The  former  is  part  of  a  circle 
which  passes  through  the  centres  of  motion  of  the  two  eyes  (not 
like  the  horopter  through  the  dioptric  centre),  and  possesses 
these  properties.  (1)  The  angle  of  convergence  is  the  same 
whatever  point  in  it  is  made  the  point  of  binocular  fixation. 
(2)  In  glancing  from  any  one  point  in  it  to  any  other,  both 
visual  axes  traverse  equal  angles ;  thus  in  fig.  14  the  angles  OBc 
and  OAc  are  equal ;  while,  in  contrast  to  this,  fig.  11  shows  that 
in  glancing  from  0  to  5  or  0  to  y,  the  left  axis  passes  through 
a  greater  angle  than  the  right;  as  it  does,  indeed,  whatever  point 
is  looked  at  to  the  left  in  the  straight  line  AB.     (3)  The  line 

'  While  what  has  been  said  holds  good  in  normal  riaion,  Biace  attentioD  is 
seldom  directed  to  one  aide  for  long  at  a  time,  a  Tallacy  must  be  guarded  agoiiuit 
in  experiments  which  reqniro  Budained  obliquity  of  the  viaqal  tues  ;  the  Tianil 
apparetQs  of  the  ftrtheat  eje  might  weary,  and  for  a  Ume  permit  the  accommo- 
dation of  both  eyes  to  be  governed  by  that  of  the  nearest  one,  and  thus  bo 
increased. 

>  These  were  called  in  the  original  thesis  the  "  iBostigmal "  and  "Isogonal" 
lines  respectiTely,  but  I  do  not  see  the  necessity  of  naming  them. 
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which  bisecte  the  angle  of  convergence  is  the  oae  to  which 
hypothetically  objecls  upon  the  macuUe  should  be  mentally 
referred.  Whether,  in  fact, 
they  are  so  phyaiologically 
remains  to  be  proved.  The 
line  is  obtained  by  aniting 
the  point  of  binocular  fixa- 
tion (c,  in  6g.  14)  to  the 
posterior  point  of  the  circle 
(b).  The  position  oE  this 
posterior  point  sUifts,  of 
course,  with  every  variation 
in  the  size  of  the  circle; 
the  line  f^  itself  is  inclined 
to  the  median  plane  by  an 
*^*'  "■  angle  which  messures   the 

obliquity  of  vision,  since  it  is  equal  to  the  angle  which  each 
visual  axis  has  traversed  in  looking  from  the  anterior  point  of 
the  circle  (o)  to  any  other  point  in  it  (c).  This  angle,  therefore, 
represents  the  "ranging"  work  to  be  done  in  looking  at  any 
such  point  I  do  not  say  the  ranging  effiyrt,  for,  as  before  men- 
tioned, effort  is  often  disproportionate  to  work,  owing  to  greater 
resistance  or  other  disadvantages.  A  certain  evolution  of  nervous 
enei^  from  the  converging  centre  produces  a  definite  angular 
deflection  inwards  of  both  visual  axes,  and  similarly  an  effort  of 
a  ranging  centre  produces  a  definite  deviation  of  both  visual  axes 
to  the  light  or  left.  The  nervous  impulses  perform  angular 
work,  if  I  may  so  say,  as  far  as  vision  is  concerned,  and  there- 
fore we  may  assume  that  it  is  by  angles  that  the  mind  judges  of 
the  work  done  in  estimattDg  the  projection  of  the  field  of  vision ; 
but  since  the  judgment  is  based  solely  upon  the  effort  put  forth, 
any  discrepancy  between  effort  and  work  would  show  iteelf  in 
angular  mi^'udgment,  unless  by  habit  the  mind  had  come  to 
associate  a  certain  degree  of  effort  with  the  work  it  imudly  per- 
forms, instead  of  with  the  work  iCjkovXd  perform  compared  with 
a  smaller  effort.  Such  allowance  is  no  doubt  made,  in  whole  or 
in  part,  except  for  unusual  obliquities.  Were  "effort"  and 
"  work "  exactly  proportionate  in  both  the  converging  and 
ranging  innervations,  all  objects  seen  by  the  fovea  of  one  eye  or 
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both,  however  ohUqnely,  would  be  referred  to  the  line  which 
bisects  the  angle  of  convei^Dce,  since  ite  indiuatioD  to  the 
median  plane  would  exactly  express  the  angular  impression  in 
the  mind  produced  by  the  rangiug  effort.  I  dnd,  however,  that 
if  B  Isrge  piece  of  card  he  held  obliquely  a  few  inches  outside 
and  in  front  of  cither  eye,  with  a  mark  upon  its  upper  border, 
looked  at  with  both  eyes,  a  finger  passed  up  behind  it  generally 
at  first  miBsea  the  mark  to  the  outside  by  nearly  an  inch,  showing 
that  the  ranging  effort  is  relatively  so  far  greater  than  the  work 
it  accomplishes  that  the  mind  estimates  as  if  more  angular  work 
were  done,  end  mentally  displaces  the  object  from  the  median 
plane  by  an  angle  greater  than  that  of  the  line  which  bisects  the 
angle  of  convergence,  and  which  only  measures  the  work  actually 
accomplished,  not  the  effort  put  forth  to  accomplish  it 

In  fig.  ]  5  the  dotted  area  r^resent  the  line  of  equal  aocom- 
modation,  so  applied  to  that  of  equal  oonvergeuce  as  to  illustrate 
the  fact  already  mentioned,  that  within  a  certain  degree  of  obli- 
quity of  vision  the  pro- 
portion of  conveigence 
to     accommodation     is 
greater  than  in  the  me- 
dian  plane,   while    for 
greater    obliquity     the 
proportion  is  less.     At 
the    points  dd,   where 
the  two  lines  intersect, 
the  proportion  between 
convei^ence  and  accom- 
modation is  the  same  as 
at  0;  within  these  points 
convergence  must  be  re- 
latively increased;  out- 
side of  them  relatively  _. 
lessened.    The  distance 

of  each  d  from  0  is  always  exactly  equal  to  the  intercentral 
distance  of  the  observer. 

The  same  figure  shows  how,  in  looking  obliquely  at  any  point, 
the  convergence  and  accommodation  required  may  be  compared 
with  that  in  the  median  plane.    All  that  is  necessary  for  any 
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given  point  (c)  is  to  describe  a  circle  through  it  and  through  the 
centre  of  each  eje,^  as  in  the  figure,  and  from  the  centre  of  the 
farthest  eye  (B)  to  draw  the  arc  ex  from  c  to  the  median  lina 
The  circle  is  the  line  of  equal  convergence  for  that  point,  and  the 
arc  is  part  of  the  line  of  equal  accommodation  for  the  same.  In 
binocular  vision,  therefore,  of  the  poiut  c,  convergence  must  occur 
as  if  for  0,  and  accommodation  as  if  for  x,  while  both  eyes 
are  deviated  to  the  right  through  the  equal  angles  OBc,  oAc. 
The  point  b  gives  the  base  of  the  line  which  bisects  the  angle  of 
convergence,  and  which  is  made  by  joiuing  be,  while  the  inclina- 
tion of  this  line  to  the  median  plane  expresses  the  angular 
ranging  movement  of  the  two  eyes.  Were  the  relation  between 
convergence  and  accommodation  inflexibly  complete  for  objects 
in  the  middle  line,  there  would  be  diplopia  for  any  object  out  of 
the  middle  line,  except  at  one  point  on  each  side,  within  which 
diplopia  would  be  heteronymous  from  relative  divergence,  and 
without  which  it  would  be  homonymous  from  relative  con- 
vergence. The  nervous  ties,  therefore,  though  strong  enough  to 
relieve  fusion-effort,  are  not  so  strong  but  what  they  can  be 
overcome  to  meet  such  requirements. 

The  lines  of  equal  convergence  and  accommodation,  if  rotated 
round  the  intercentral  line  as  an  axis,  would  describe  mrfaces  of 
equal  convergence  and  accommodation  respectively.^ 

^  This  may  be  done  by  drawing  from  A  and  B  straight  lines  at  right  angles  to 
eA,  cR  respectively.  From  the  point  where  they  meet  draw  a  straight  line  to  c, 
the  bisection  of  which  gives  the  centre  of  the  required  circle.     Or  Eudid,  iv.  5. 

^  (1)  To  find  the  line  of  equal  convergence  for  any  required  angle  of  con- 
vergence— the  nidius  of  the  required  circle  is  found  by  dividing  half  the  inter- 
central distance  by  the  sine  of  the  angle.  (It  may  be  found  geometrically  by 
Euclid,  iii.  83.)  (2)  To  find  the  angle  of  convergence  when  an  object  is  viewed 
in  the  median  plane  at  a  given  distance  from  the  eyes — ^half  the  intercentral  dis- 
tance, divided  by  the  distance  of  the  object  from  the  eyes,  gives  the  sine  of  half 
the  angle. 

{To  he  continued, ) 
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SIX  SPECIMENS  OF  SPINA  BIFIDA  WITH  BONY  PRO- 
JECTIONS FROM  THE  BODIES  OF  THE  VERTE- 
BRiE  INTO  THE  VERTEBRAL  CANAL.  By  Professor 
Humphry,  F.R.S.    (Plates  XVII.,  XVIII.) 

1.  The  first  specimen  was  taken  from  a  child  who  died  a  few  days 
after  birth.  The  sac,  which  was  very  thin,  and  covered  the 
sacral  and  lumbar  regions,  had  burst,  and  a  bony  prominence  was 
felt  in  its  middle. 

The  vertebral  canal  is  widely  open  below  the  1st  lumbar 
arch,  the  laminae  of  the  four  lower  lumbar  and  the  sacral 
vertebrae  being  all  directed  horizontally  outwards.  The  arches 
of  the  11th  and  12th  dorsal  vertebrae  are  directed  normally,  but 
are  incomplete,  the  vertebral  canal  being  at  this  part  widely 
open.  The  arch  of  the  1st  lumbar  vertebra  is,  however,  com- 
pleted by  cartilage ;  and  a  curved  bony  process  (or  bar)  ascends 
from,  and  has  grown  out  of,  the  back  of  the  body  of  the  2nd 
lumbar  vertebra  (rather,  as  the  section,  fig.  3,  shows,  from  the 
intervertebral  substance  between  the  1st  and  2nd  lumbar  bodies), 
bisects  the  vertebral  canal,  and  impinges  upon  the  under  edge  of 
this  cartilaginous  arch.  From  the  back  of  the  bodies  of  the  3rd 
and  4th  lumbar  vertebrae  rises  a  second  much  larger  osseocarti- 
laginous process,  bridging  over  and  uniting  these  two  bodies, 
and  rising  considerably  above  the  level  of  the  dorsal  and  lumbar 
arches.  It  forms  one  mass  at  its  base,  but  is  partially  bifid 
towards  its  summit.  It  slants  forwards,  and  its  base  partially 
extends  over  the  body  of  the  second  lumbar  vertebra.  The  let 
and  2nd  sacral  vertebrae  appear  to  be  normal,  with  the  excep- 
tion of  the  lateral  direction  of  their  arches ;  but  the  vertebrae 
below  these  are  irregular  and  confused  and  curved  to  the  left ; 
and  the  coccyx  is  represented  only  by  a  cartilaginous  knob 
(fig.  3  b).  The  dorsal  bodies  and  the  arches,  above  the  11th,  are 
normal,  except  that  the  spine  is  bent  a  little  to  the  left,  and  the 
arches  and  transverse  processes  of  the  9th,  10th,  and  11th  ver- 
tebrae, where  the  curve  is  most  marked,  are,  on  the  left  side, 
approximated  and  anchylosed,  and  the  extremities  of  their  trans- 
verse processes  are  covered  and  united  by  a  thin  band  of  carti- 
lage (6g.  2,  c). 
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A  vertical  section  (fig.  3)  from  before  backwards,  in  the  median 
line,  or  in  parts  slightly  to  the  right  of  it,  shows  the  bodies  of 
the  vertebne  in  regular  serial  order  and  in  normal  form.  But 
the  body  of  the  3rd  lumbar  vertebra  is  small,  not  being  more 
than  half  its  proper  size,  and  that  of  the  4th  is  somewhat 
smaller  than  natural.  Placed  behind  these,  separated  from  them 
and  from  one  another  by  cartilage  resembling  that  between  the 
bodies  of  the  vertebrae,  are  two  spheroidal  spongy  bony  masses 
resembling  vertebral  bodies.  That  over  the  body  of  the  3rd 
lumbar  vertebra,  which  appears  stunted  by  it,  is  the  larger. 
These  form  the  base  of  the  large  projection  into  the  spina  bifida; 
and,  connected  with  their  posterior  aspects  by  cartilage,  are  bony 
processes,  somewhat  denser,  with  foramina^  between  them,  sug- 
gestive of  rudimentary  and  misshapen  vertebral  arches,  which 
form  the  summit  of  that  projection.  The  cartilages  intervening 
between  the  spongy  bone-masses,  and  separating  them  4^rom  the 
vertebral  bones  in  front  of  them,  resemble  the  intervertebral 
cartilages,  inasmuch  as  each  is,  like  them,  composed  of  two 
cartilage-plates  appertaining  to  the  adjacent  bones  with  an 
intervening  softer  plate  foreshadowing,  apparently,  an  interver- 
tebral disc.  Indeed,  the  section  of  the  projection  is  very  sug- 
gestive of  its  being  formed  by  two  supplementary  vertebrse 
developed  behind  the  bodies  of  the  3rd  and  4th  lumbar  bodies, 
and  growing  into  the  vertebral  canal.  The  azygos  bony  process, 
situated  further  forward,  is  seen  to  extend  from  the  cartilage 
between  the  1st  and  2nd  lumbar  vertebral  bodies  to  the  carti- 
laginous arch  of  the  1st  lumbar  vertebra,  and  to  be  continuous 
with  both  these  cartilages. 

The  spinal  cord  and  membranes  passed  down  to  the  1st  lum- 
bar vertebra,  retaining  the  normal  condition  to  this  point,  and 
presenting  no  bulging  at  the  vacant  space  in  the  arches  of  the  11th 
and  12th  dorsal  vertebrae.  Beneath  the  arch  of  the  1st  lumbar 
vertebra  it  apparently  divided,  passing  on  the  sides  of  the  mesial 
bony  bar,  and  then  expanding  upon  the  under  surface  of  the 
back  part  of  the  sac,  as  is  usual  in  cases  of  spina  bifida.^  It  and 
the  wall  of  the  sac  were  quite  free  from  the  bony  eminence, 

'  These  foramina  did  not,  so  far  as  I  could  discover,  contain  or  transmit  any 
nenral  elements. 
2  See  paper  by  me  on  spina  bifida,  this  Journal^  vol.  xx.  p.  600. 
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which  was  smooth  and  covered  by  the  dara  mater  and  the  lining 
of  the  sac.  The  nerves  leaving  the  cord  traversed  the  sac; 
being  separate  and  free  in  it,  on  their  way  to  the  lumbar  and 
sacral  intervertebral  foramina.  One  or  two  of  them,  however, 
were  applied  upon  the  sides  of  the  large  bony  process,  and 
connected  themselves  with,  or  traversed,  the  membrane  cover- 
ing it. 

The  peculiarities  in  this  specimen  are — 

First.  The  deficiencies  in  the  vertebral  arches  above  the  spina 
bifida,  and  separated  from  it  by  the  complete  arch  of  the  1st 
lumbar  veitebra,  below  which  the  spina  bifida  commenced,  this 
deficiency  not  being  attended  by  any  abnormality  in  the  cord  or 
its  membranes  at  this  part.  There  was  merely  a  deficiency  in 
the  growth  of  the  arches,  without  that  deficiency  in  the  segmen- 
tation of  the  spinal  cord  and  its  coverings,  which  is  usual,  and 
is  indeed  a  prime  feature,  in  spiua  bifida. 

Secondly.  The  bony  processes  projecting  from  the  bodies  of  the 
vertebrae  into  the  vertebral  canal.  Processes,  similar  to  the 
upper  one  of  the  two  in  this  specimen,  passing  from  before 
backwards  in  the  middle  line,  and  bisecting  the  spinal  cord, 
have  occurred,  and  are  mentioned  in  the  Report  of  the  Spina 
Bifida  Committee  (Transactions  of  the  Clinical  Society ,  voL  xviii.); 
but  in  this  instance  there  was  a  second  large  osseo-cartilaginous 
growth  projecting  into  the  sac,  covered  by  the  anterior  wall  of 
the  sac,  and  free  from  the  posterior  wall,  and  consisting 
apparently  of  the  bodies  and  processes  of  two  vertebrae  placed 
behiud  two  of  the  lumbar  vertebrae,  and  connected  with  them 
aud  with  each  other  in  a  manner  similar  to  that  which  usually 
obtains  between  the  vertebral  bodies  at  the  time  of  birth. 
Whether  these  two  are  to  be  regarded  as  displaced  vertebrae, 
vertebrae  shunted,  as  it  were,  behind  the  others,  or  as  super- 
numerary vertebrae,  is  difficult  to  decide.  Indeed,  the  morpho- 
logical significance,  if  they  have  any,  of  these  pseudo-vertebrae 
and  the  azygos  bar  in  front  of  them,  I  must  leave  for  the 
consideration  of  those  who  are  better  versed  than  I  am  in  the 
vagaries  of  the  developmental  processes. 

Thirdly.  The  deficiency  in  development  of  the  lower  part  of 
the  sacrum  a^nd  of  the  coccyx,  the  curves  in  the  spine,  and  the 
anchylosis  of  the  vertebral  arches,  are  worthy  of  note. 


^ 
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2.  Professor  Stewart,  at  the  College  of  Surgeons  in  London, 
has  been  so  good  as  further  to  dissect  for  me  and  make  drawings 
(Plate  XVIII.)  of  the  interesting  specimen  (No.  276c)  in  that 
museum  presented  by  Mr  Jackson  of  Wolverhampton,  and 
representod  and  partially  described  in  the  Report  on  Spina 
Bifida  given  in  the  Transactions  of  the  Clinical  Society,  vol.  xviii. 
This  further  dissection  shows  that  the  specimen  really  consists 
of  4J  vertebrae,  viz.,  the  11th  and  12th  doraal  and  the  Ist,  2nd, 
and  half  of  the  3rd  lumbar,  and  that  the  bodies  of  the  12th 
dorsal  and  1st  lumbar  are  fused  together,  forming  what  appears 
as  one  body.  The  evidence  of  the  individuality  of  these  two 
is  furnished  by  their  arches  and  processes  being  separate,  with  a 
separate  intervertebral  foramen  on  each  side,  which  was  of  quite  its 
natural  size,  and  had  a  nerve  passing  through  it.  There  is  also  a 
band  of  intervertebral  substance  surrounding  the  apparently 
single  body,  and  dividing  it  into  an  upper  and  a  lower  portion ; 
and  a  slight  extension  of  this  substance  upwards  and  downwards 
indicates  the  line  of  division  between  the  bodies  and  the  pedicles 
of  the  arches.  The  horizontal  bony  process  traversing  the  verte- 
bral canal  passes  backwards  from  between  the  bodies  of  the  1st 
and  2nd  lumbar  vertebrae.  It  is  broad  at  its  base,  where  it 
appears  to  have  encroached  upon  the  bodies  of  the  contiguous 
vertebrae,  especially  of  that  above  it ;  and  its  irregularly  quadri- 
lateral extremity,  which  has  a  deep  pit  in  its  middle,  occupies  the 
ends  between  the  laminae  of  these  vertebrae  (the  1st  and  2nd 
lumbar),  being  connected  to  them  by  fibrous  tissue,  except  on 
the  left  side,  where  there  is  bony  union  between  it  and  the 
lamina  of  the  2nd  lumbar  vertebra. 

The  spinal  cord  passes  in  two  divisions  on  the  sides  of  this 
process  unsymmetrically,  as  described  in  the  report.  The  central 
canal,  which  is  dilated  in  the  upper  part  of  the  specimen,  is  con- 
tinued into  the  right  or  larger  division,  and  a  blind  tubular 
pouch  projects  from  it  through  an  interval  between  the  arches 
of  the  12th  dorsal  and  1st  lumbar  vertebrae — the  arches,  that  is, 
of  the  vertebrae,  the  bodies  of  which  are  united.  This  pouch  is 
accompanied  and  surrounded  by  a  process  of  dura  mater,  which 
forms  a  covering  over  it  The  central  canal  is  not  dilated  below 
the  bony  process.  The  mass  of  the  swelling  into  which  the 
pouch  projects  appears  to  be  formed  of  soft  connective  or  mucous 


SIX  SPECIMENS  OF  SPINA  BIFIDA.  589 

tissae,  covered  by  skin  or  structure  continuous  with  the  skin 
and  subcutaneous  tissues.  That,  however,  it  is  not  easy  to  decide 
in  the  present  state  of  the  specimen. 

3.  In  the  specimen  in  St  Thomas'  Hospital  (No.  LL,  12*),  de- 
scribed and  represented  in  the  same  report  (the  skeleton  of  a 
foetus  with  spina  bifida  affecting  the  last  dorsal  and  the  lumbar  and 
sacral  vertebr^a3),  a  cylindrical  process  bisects  the  vertebral  canal 
just  above  the  spina  bifida,  and  closely  resembles  the  upper,  or 
^ygos,  process  in  my  case.  It  passes  backwards  (from  between 
the  bodies  of  the  11th  and  12th  dorsal  vertebne  apparently)  to 
the  arches  of  the  10th  and  11th,  which  are  pressed  together  in 
consequence  of  a  slight  curve  forwards  at  the  junction  of  the 
dorsal  and  lumbar  parts  of  the  column.  There  is  a  median 
depression,  giving  the  appearance  of  two  ossific  centres  in  the 
fore  part  of  the  body  of  the  11th  dorsal  vertebra  in  front,  and  in 
that  of  the  12th  behind. 

4.  In  the  specimen  (No.  3485)  in  St  Bartholomew's  Hospital, 
mentioned  in  the  same  report^  of  lumbo-sacral  spina  bifida, 
where  a  median  process  extends  from  before  backwards  across 
the  vertebra  canal,  perforating  the  spinal  cord  immediately 
above  the  spina  bifida,  there  is  evidently  great  irregularity  in 
the  bodies  of  the  vertebrae  and  in  the  formation  of  the  lower 
part  of  the  spine. 

5.  In  the  specimen  in  University  College  (No.  5195),  also 
mentioned  and  represented  in  the  report  as  an  instance  of  parti- 
tioned spina  bifida  and  bifid  spinal  cord,  with  a  small  process 
of  bone  in  an  antero-posterior  direction,  crossing  the  vertebral 
canal  a  little  above  the  sac,  and  lying  between  the  halves  of  the 
cord,  Mr  Topham  has  been  good  enough  to  bisect  the  spinal 
column.  This  shows  that  the  spina  bifida  commences  at  the 
11th  dorsal  vertebra,  that  the  bodies  of  the  vertebrae  along  the 
whole  column  are  serially  and  numerically  correct,  but  that  the 
bodies,  from  5th  to  9th  inclusive,  of  the  dorsal  vertebrae  are 
small — some  smaller  than  others — and  that  placed  behind  these, 
in  close  contact  with  them  and  dwarfing  them,  is  a  second, 
or  supplementary  set  of  bodies  or  apparent  bodies.  These  are 
separated  from  one  another  and  from  the  bodies  in  front  of 
them  by  lines  (apparently)  of  intervertebral  substance,  as  in  my 
own  case.    Furthermore,  at  the  back  of  these  are  three  smaller 
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OSS0OU8  pieces,  also  resembliDg  vertebral  bodies,  which  are  pro- 
duced into  processes  projecting  into  the  vertebral  canal,  and  the 
halves  of  the  bisected  spinal  cord  pass  on  the  sides  of  these 
processes. 

The  fuitlier  examination  of  these  four  specimens  already  de- 
scribed in  the  report  above  mentioned  has  disclosed  some  addi- 
tional facts ;  but  I  do  not  know  that  it  has  thtx)wn  any  light 
upon  the  real  nature  and  morphological  relations  of  the  pro- 
cesses which  are  thus  found  to  project  into  the  vertebral  canal 
in  some  cases  of  spina  bifida.  In  all,  except  that  in  the  College 
of  Surgeons,  and  the  lower  one  in  the  first  case  which  I  have 
described,  the  processes  are  above  the  spina  bifida.  In  two,  as 
in  my  specimen,  they  are  immediately  above  it;  in  tliat  in 
University  College  (No.  5)  they  are  higher  up.  There  may  or 
may  not  be  some  irregularity  in  the  bodies  of  the  vertebrse ;  and 
when  there  is  an  irregularity  it  is  difficult  to  see  any  connection 
between  it  and  the  abnormal  processes.  The  supplementary 
bodies,  or  apparent  bodies,  behind  the  normal  ones,  and  project- 
ing into  the  vertebral  canal,  found  in  the  University  College 
specimen,  resemble  those  in  mine;  hut  they  are  situated  above 
the  spina  bifida,  where  the  vertebral  bodies  and  arches  were 
in  other  respects  normal ;  whereas  in  my  specimen  they  pro- 
ject  into  the  spina  bifida. 

6.  Mr  Batteham,  house  surgeon  to  the  Wolverliampton  In- 
firmary, has  been  good  enough  to  send  me  a  specimen  of  sacral 
spina  bifida,  taken  from  a  male  child,  set  16  days.  It  was 
removed  three  days  after  death,  when  the  soft  parts  were  not  in 
a  fit  condition  for  minute  examination.  When  I  received  the 
specimen  it  was  dry,  and  the  soft  structures  had  been  in  part 
removed.  After  it  had  been  soaked  in  water  I  find  that  the 
arches  of  the  lower  dorsal  vertebrsd  are  complete,  that  all 
those  of  the  lumbar  vertebrae  are  incomplete,  but,  as  in  my  case, 
have  their  proper  direction,  and  the  cord  passes  normally  beneath 
them.  The  sacral  arches  are  laterally  deflected,  giving  great 
width  to  the  vertebral  canal  at  that  part.  The  sacrum  appears 
to  terminate  abruptly  at  the  second  vertebra;  but  a  plate  of 
bone,  which  is  probably  a  continuation  of  it,  runs  horizontally 
forwards  from  it  between  the  two  iliac  bones.  There  is  no  trace 
of  coccyx.    The  lowest  part  of  the  vertebral  column  is  there- 
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fore  very  imperfect.  A  median  hard  bony  process  arises  from 
the  back  of  the  space  between  the  3rd  and  4th  lumbar  vertebrae, 
and  expands  like  a  T  into  a  transversely  flattened  plate,  which 
meets,  on  the  two  sides,  the  laminsB  of  the  3rd  lumbar  vertebra 
and  completes  the  arch.  A  similar  process,  consisting  of  carti- 
lage and  bono,  projects  from  the  back  of  the  bodies  of  the  let 
and  2nd  sacral  vertebrae.  It  expands,  and,  inclining  to  the  right, 
is  connected  with  the  right  side  of  the  5th  lumbar  vertebra, 
thus  bridging  over  the  right  side  of  the  vertebral  canaL  The 
spinal  cord  passes  in  two  divisions,  one  on  either  side  of  these 
median  processes.  The  right  division,  passing  under  the  arch 
formed  by  the  lower  median  process,  is  connected  with  the  back 
of  the  sac  of  the  spina  bifida.  Tliat  on  the  left  side  has  been  in 
great  part  cut  away ;  and  all  traces  of  the  sac  on  this  side  have 
been  removed.  It  may  be  inferred  that  the  left  division  of  the 
cord  passed  beneath  the  arch  formed  by  the  upper  process,  and, 
like  that  on  the  right  side,  reached  the  sac  of  the  spina  bifida. 


EXPLANATION  OF  PLATES  XVIL,  XVIH. 

Fig.  1.  View  of  interior  of  sac  of  spina  bifida  from  which  the  right 
side  has  been  removed,  a,  upper  cut  edge  of  sac ;  a\  lower  cut  edge 
of  sac ;  2),  spinal  cord  (right  division  of  it)  passing  under  the  carti- 
laginous arch  of  the  Ist  lumbar  vertebra,  and  expanding  upon  the 
under  surface  of  the  wall  of  the  sac,  with  the  nerves  passing  from  it, 
through  the  sac,  to  the  intervertebral  foramina.  Some  of  the  nerves  pene- 
trate the  wall  of  the  sac  where  it  covers  the  bony  projection  into  the 
sac.  The  under  wall  of  the  sac  is  clear  from  this  bony  projection,  d, 
the  lateralised  arches  of  the  lumbar  and  sacral  vertebrsB;  e^  carti- 
laginous lump  representing  the  coccyx. 

Fig.  2.  View  taken  from  the  back  and  right  side  of  the  vertebrae 
at  and  adjacent  to  the  spina  bifida  after  the  soft  parts  had  been  cleared 
away,  a,  the  complete  cartilaginous  arch  of  the  Ist  lumbar  vertebra. 
A  needle  has  been  passed  beneath  the  curved  azygos  bar,  which  passes 
from  the  middle  of  this  arch  to  the  middle  of  the  intervertebral  sub- 
stance between  the  1st  and  2nd  lumbar  bodies.  &,  the  incomplete 
arches  of  the  11th  and  12th  dorsal  vertebrsB;  c,  the  anchylosed  arches 
of  10th  and  11th  dorsal  vertebras ;  d^  the  osseo-cartilaginous  projection 
into  the  spina  bifida ;  e,  lateralised  arch  of  1st  sacral  vertebra. 

Fig.  3.  View  of  section  of  column,  a,  cartilaginous  arch  of  1st 
lumbar  vertebra;  a  bristle  is  placed  beneath  the  azygos  bar.     1,  2,  3, 
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4,  5,  bodios  of  the  five  lumbar  vertebrae,  with  the  supplementary  bones 
(vertebral  bodies  and  arches  1)  situated  above  (behind)  the  bodies  of 
the  3rd  and  4th  lumbar  vertebrae,  and  forming  the  osseo-cartilaginous 
projection  into  the  spina  bifida ;  6,  cartilaginous  knob  representing  the 
coccyx. 

Fig.  4.  External  view  of  specimen  in  College  of  Surgeons. 

Fig.  5.  Sectional  view.  11,  12,  1,  2,  3,  the  bodies  of  the  lowest  two 
dorsal  and  the  upper  three  lumbar  vertebrae ;  a,  the  band  of  cartila- 
ginous intervertebral  substance  encircling  the  fused  bodies  of  the 
12th  dorsal  and  1st  lumbar  vertebrae.  The  bony  process  is  seen  pro- 
jecting backwards  from  between  the  1st  and  2nd  lumbar  bodies,  its 
hollowed  posterior  part  presenting  in  section  a  bifid  appearance ;  h, 
central  canal  of  spinal  conl ;  c,  tubular  prolongation  of  it  between  the 
arches  of  the  12th  dorsal  and  1st  lumbar  vertebrae,  covered  by  an  ex- 
tension of  the  dura  mater ;  t7,  upper  and  lower  cut  ends  of  the  smaller 
division  of  the  cord,  which  passed  on  the  left  side  of  the  osseous 
process. 


ON  THE  PENTADACTYLODS  PES  IN  THE  DOEKING 
FOWL,  A  VAEIETY  OF  THE  OALLUS  DOMESTICUS, 
WITH  ESPECIAL  REFERENCE  TO  THE  HALLUX. 

By   John   Cowper,    Student  of  Anatomy,    University  of 
Edinburgh, 

In  the  common  fowl,  as  is  well  known,  the  foot  possesses  only 
four  toes,  but  in  the  breed  known  as  the  Dorking,  there  are 
normally  present  five  digits  on  each  foot  In  Tegetmeir's 
standard  work  on  poultry  (p.  92)  the  following  statement 
relating  to  this  bird  is  found : — "  The  feet  must  be  five-toed,  the 
extra  toe  well  developed  and  distinctly  separated  from  the 
others." 

I  have  dissected  the  feet  of  four  specimens  of  this  fowl,  with 
the  view  of  determining  the  arrangement  of  the  extra  toe.  The 
tarso-metatarsus  is  divided  inferiorly  into  thre«  articular 
surfaces  for  the  three  outer  digits,  and,  as  in  other  birds  pos- 
sessing more  than  three  digits,  there  is  also  present  a  rudimentary 
1st  metatarsal  bone,  articulating  with  or  attached  to  the  lower 
end  of  the  inner  aspect  of  the  tarso-metatarsus.  It  is  with 
the  distal  part  of  this  bone  that  the  toe  which  it  is  customary  to 
call  the  hallux  articulates.  In  the  case  of  the  Dorking  the 
rudimentary  1st  metatarsal  bone  presents,  however,  two  distinct 
articular  surfaces  on  its  distal  aspect,  the  inferior  and  smaller  of 
the  two  being  for  articulation  with  the  so-called  hallux,  while 
the  superior  and  larger  is  for  the  proximal  phalanx  of  the  extra 
digit  normally  present  in  the  Dorking  fowl.  This  digit  is 
almost  exactly  on  the  same  antero-posterior  plane  as  the  so- 
called  hallux,  but  is  placed  superior  to  it  The  so-called  hallux 
possesses  two  phalanges,  while  the  extra  toe  possesses  three, 
which  latter  are  usually  larger  than  those  of  the  so-called  hallux, 
and  the  distal  phalanx  of  the  extra  toe  carries  a  claw,  just  as 
does  the  corresponding  phalanges  of  the  other  toes. 

On  the  dorsal  aspect  of  this  extra  toe  a  tendon  is  situated, 
which  is  inserted  into  the  proximal  end  of  the  dorsal  aspect  of 
the  middle  phalanx,  and  it  may  be  also  into  the  terminal 
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phalanx,  by  means  of  a  prolongation ;  the  tendon,  when  followed 
up,  is  found  to  take  origin  opposite  the  upper  end  of  the  tarso- 
metatarsus,  from  the  common  extensor  tendon  of  the  three 
outer  toes — this  latter  tendon  coming  from  a  muscle  situated  on 
the  anterior  aspect  of  the  cms.  The  so-called  hallux  possesses 
an  extensor  tendon,  which  is  seen  to  be  derived  from  a  muscle 
arising  from  the  anterior  aspect  of  the  upper  end  of  the  tarso- 
metatarsus.  It  has  also  a  flexor  tendon  inserted  into  the 
proximal  end  of  the  inferior  aspect  of  the  proximal  phalanx, 
which  is  derived  from  a  muscle  arising  from  the  inner  aspect  of 
the  upper  end  of  the  tarso-metatarsus.  There  is  also  a  second 
tendon  inserted  into  the  terminal  phalanx  on  its  inferior  aspect, 
and  this  tendon  is  common  to  the  so-called  hallux  and  the  extra 
digit ;  it  is  derived  from  a  muscle  of  the  crus,  and  bifurcates, 
one  half  going  to  be  inserted  into  the  inferior  aspect  of  the 
terminal  phalanx  of  each  of  these  toes ;  just  before  bifurcating 
it  sends  tendinous  slips  to  the  flexor  tendons  of  the  three  outer 
digits.  This  extra  digit  is  truly  transmitted,  so  much  so  that  it 
constitutes  one  of  the  essential  characteristics  of  the  Dorking 
fowl,  and  it  is  stated  in  Mr  Darwin's  Animals  and  Plants  under 
Domesiication  to  be  generally  transmitted  to  the  offspring,  even 
when  crossed  with  other  breeds  which  only  possess  four  toes. 

What  is  the  morphological  value  of  this  extra  toe  ? 

Professor  Huxley  states,  in  his  Anatomy  of  Vertebrates : — 

In  all  birds,  even  in  Arch^Bopteryx,  the  5th  digit  of  the  pes  remains 
undeveloped,  and  the  2nd,  3rd,  and  4th  metatarsaltt  are  anchyloscd 
together. 

Professor  Owen  states,  in  his  Comparative  Anatomy  and 
Physiology  of  Vertebrates,  vol.  ii.  p.  83  : — 

The  toes  of  birds  never  exceed  four  in  number,  and  of  these  three 
are  usually  elongated  and  directed  forward,  diverging,  while  one  is 
short  and  directed  backward.  The  hind  toe  articulates  on  the  same 
plane  as  the  others  in  grasping  and  perching  birds,  but  on  a  higher 
level  in  terrestrial  and  aquatic  kinds.  By  the  analogy  of  the  number 
of  the  phalanges  of  these  toes  with  those  in  lizards,  the  back  toe  is  the 
innermost,  answering  to  '*  hallax,"  the  inner  of  the  front  toes  is  the 
2nd,  the  middle  one  is  the  3r(l,  the  outer  one  is  the  4th;  it  will 
be  seen  that  the  number  of  phalanges  progressively  increases  from  two 
to  five.  The  5th  toe  of  the  four  phalanges  in  the  Monitor  is  not 
developed  in  any  bird. 
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In  the  foot  of  the  Dorking  fowl  I  believe  that  the  toe  second 
in  position  and  possessing  two  phalanges  represents  the  so- 
called  hallux  of  other  four-toed  birds,  because  it  occupies  the  same 
morphological  position,  has  the  same  number  of  phalanges,  and 
articulates  with  the  rudimentary  metatarsal  placed  on  the  inner 
aspect  of  the  tarso-metatarsus.  If  then  the  extra  toe,  possess- 
ing three  phalanges,  and  placed  internal  to  the  so-called  hallux, 
is  to  be  regarded  as  a  constituent  part  of  the  formation  of  the 
foot,  and  not  as  a  monstrosity — and  its  constant  presence  in  the 
Dorking's  foot  is,  I  think,  sufficient  evidence  that  it  is  not  a 
monstrous  formation — then  it,  and  not  the  digit  usually  called 
''hallux,"  occupies  the  position  of  the  hallux,  and  must  be  regarded 
as  such.  If  this  be  so,  it  follows  that  the  so-called  hallux,  possess- 
ing two  phalanges,  is  really  the  2nd  toe,  and  that  the  toes  usually 
called  2nd,  3rd,  and  4th,  are  the  3rd,  4th,  and  5th;  the  missing 
toe  in  a  four-toed  bird  being  not  the  5th  bat  the  hallux,  and  the 
so-called  hallux  being  the  2nd  tue.  In  such  a  case,  the  rudi- 
mentary metatarsal,  with  which  the  1st  and  2nd  toes  of  the 
Dorking  fowl  articulate,  probably  represents  the  elements  of  tlie 
1st  and  2nd  metatarsals,  and  the  tarso-metatarsus  represents 
the  3rd,  4th,  and  5th  metatarsal  bones. 

Taking  the  Eeptilia  as  a  class,  they  possess  five  digits  in  the 
pes ;  in  the  Mammalia,  however,  the  digits  of  the  pes  are  very 
commonly  reduced  in  number,  and  Professor  Flower  states — *'  if 
one  toe  only  is  absent  it  is  the  first  or  hallux,"  so  that,  if  the 
above  view  o(  the  morphology  of  the  foot  be  correct,  the  bird 
follows  the  mammalian  rule  in  this  respect. 


THE  VITALITY  OF  WILD  ANIMALS  UNDER  FIEE. 
By  Brigade-Surgeon  William  Curran,  A.M.D.  (Plate 
XIX.) 

The  comparative  immunity  with  which  soldiers  and  others 
engaged  in  warfare  receive  wounds  in  vital  parts  is  well  known. 
Many  instances  of  this  immunity  ara  on  record,  and  specimens 
in  point  may  be  seen  any  day  in  our  leading  anatomical 
museums.  They  are  also  described  in  great  detail  by  surgical 
writers,  but  the  particulars  of  these  would  be  unsuited  to  these 
pages,  and  the  books  containing  them  are  open  to  all.  It  is  not 
so  well  known  that  our  fellow  mortals, ''  the  beasts  that  perish," 
are  equally  favoured  in  this  respect^  and  one  would  look  in  vain, 
even  through  the  writings  of  professional  veterinarians,^  for  any 
exhaustive  account  of  this  immunity.  We  therefore  think 
that  the  matter  stands  in  need  of  elucidation,  if  only  from  an  ^ 

artistic  point  of  view,  and  what  we  have  to  say  on  the  point  is 
fortunately  based  on  our  own  personal  experience,  or  on  the 
statements  of  friends  whose  competence  and  veracity  are  beyond 
the  reach  of  doubt 

It  would  not  be  easy  to  say  what  species  of  animal  exhibits 
the  largest  amount  of  this  kind  of  tolerance,  nor  has  the  question 
been,  so  far  as  we  know,  ever  raised.  Anyhow,  it  has  not  been 
determined,  and,  even  admitting  that  a  comparison  is  possible,  it 
is  not  easy  to  see  how  one  could  be  instituted,  with  any  approach 
to  accuracy,  between  the  heart  of  a  whale,  which  fills  a  large 
tub,  and  that  of  a  mouse  or  a  weasel  that  can  be  taken  up  on  the 
end  of  a  pin  or  swallowed  at  a  bite  by  a  small  puppy.  All  we 
need  say  is  that  as  ''  the  structure  of  the  lungs,  the  mechanism 
of  respiration,  the  arrangement  of  the  pulmonary  vessels,  the 
cavities  of  the  heart,  and  the  general  disposition  of  the  arteries 
and  veins  of  the  systemic  circulation,  differ  in  no  material 
circumstance  (in  the  Mammalia  generally)  from  what  is  met 
with  in  our  own  persons,"  so  also  there  would  be  no  more 

'  William8*8    Veterinary  Medicine  (p.  619)  is  the  only  work  that  contains,  J 

so  far  as  we  know,  any  information  of  this  kind. 
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difference  in  this  respect  between  man  and  beast  than  their 
respective  sizes,  endurance,  or  muscular  development  would 
naturally  enforce  or  imply. 

And  this,  too,  is  found  in  practice  to  be  really  the  case.  For 
though  the  tiger,  the  bison,  the  deer,  and  other  creatures  of  that 
kind  may  exhibit  greater  momentary  activity  after  wounds  in 
their  hearts  than  man  usually  does,  yet  is  this  their  activity  not 
sustained.  Their  ungovernable  rage,  fear  of  man,  or  efforts  at 
escape  only  tend  by  stimulating  the  circulation,  or  preventing 
the  closure  of  their  wounds  to  aggravate  the  latter,  and  we  find, 
accordingly,  that  whUst  some  wounded  beasts,  are  often  able  to 
execute  fierce  charges  after  they  are  fatally  stricken,  or  that  they 
can  run  considerable  distances  without  betraying  any  sign  of 
vital  failure,  yet  do  they  as  assuredly  succumb  in  the  end,  and 
that,  too,  in  a  shorter  time  than  their  wiser  or  less  impulsive 
fellow-sufferer — man.  But  then  the  latter  is  not  obliged  to  fly  fur 
his  life  as  the  beasts  are,  and  that,  we  fancy,  makes  all  the  differ- 
ence in  the  case. 

Owing  to  the  bungling  of  a  certain  executioner  in  this 
country,  or  to  the  facial  contortions  of  persons  beheaded  in 
France,  we  have  lately  had  discussions  in  the  Press  as  to  the 
best  or  least  painful  method  of  taking  away  the  lives  of  our 
criminals.  Some  writers  advocate  the  use  of  prussic  acid  or  other 
instantaneously  fatal  poison,  others  prefer  electricity,  and  a  few 
have  suggested  chloroform  or  some  similar  narcotic.  In  other 
words,  the  advocates  of  these  measures  imply  that  the  best  means 
of  effecting  their  purposes  are  such  as  operate  through  the  brain 
and  the  nervous  system,  or  through  the  heart — the  central  organ 
of  the  circulation.  They  want  to  destroy  the  sensibility  of  the 
one,  or  paralyse  the  action  of  the  other,  but  life  is  not  thereby 
necessarily  extinguished  in  either  case,  and  it  is  now  generally 
admitted  that  consciousness  survives  decapitation  by  the 
guillotine. 

On  the  other  hand,  very  awkward  accidents  have  followed  the 
use  of  the  rope  through  inexperience,  timidity,  or  intemperance 
on  the  part  of  the  executioner,  so  that  measures  directed  to  the 
stoppage  of  the  heart  would  seem  to  be  those  that  make  the 
strongest  appeal  to  our  sympathies.  But  are  there  any  such 
measures,  or  is  it  quite  so  certain  that  the  cessation  of  the  heart's 
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action  necessarily  entails  death  ?  We  know  as  a  matter  of  fact 
that  such  is  not  the  case,  and  that  many  persons  whose  hearts 
had  ceased  to  beat  to  all  outward  appearance  daring  periods  of 
so-called  suspended  animation — catalepsy,  &c. — have  subse- 
quently recovered,  and  lived  long  afterwards.  Per  contra,  life 
would  seem  to  survive,  if  we  are  to  believe  hagiologists  and 
others,  the  actual  removal  of  this  organ  from  its  owner.  Thus 
Burnet,^  describing  the  execution  of  one  Hackston  a  covenanter, 
says  that  "  his  heart  when  cut  out  continued  to  palpitate  some 
time  after  it  was  in  the  hangman's  knife,"  and  Bishop  Ghalloner^ 
adds  that  Edward  Jennii^s  ''  uttered  the  words  Sande  Oregori 
orapro  me,  after  his  bowels  had  been  thrown  into  the  fire,  and 
his  heart  had  been  torn  out  by  the  executioner."  Facts  of  like 
import  are  nientioned  by  toxicologists,^  and  the  very  structure  of 
this  organ,  consisting  as  it  does  of  involuntary  muscular  fibre, 
would  seem  to  imply  that  life  may  coexist  with,  nay,  may  evcu 
be  restored,  after  it  had  apparently  ceased  to  act. 

Let  us  now  take  the  heart  of  a  sheep — a  very  accessible 
object  by  the  way — and  compare  with  it,  as  with  a  standard,  the 
lesions  or  injuries  which  the  hearts  of  some  other  animals  are  able 
to  bear  without  immediately  failing.  It  would  be  readily  seen 
that  this  is  a  perfectly  healthy  organ,  very  like  that  of  man, 
though  somewhat  smaller,  and  that  it  possesses  substantially  the 
same  structure  and  elasticity  as  his.  One  would  suppose  that 
any  leak,  however  small,  in  this  central  fountain  would  prove 
necessarUy,  if  not  instantaneously,  fatal     But  such  is  not  the 

^  History  of  his  Own  TimeSy  p.  838.  He  notes,  as  ''a  matter  of  no  small 
astonishment,"  in  his  History  of  the  Rrfoi^nalion,  vol.  i.  p.  588,  that  Cranmer's 
heart  remained  *'  entire  and  not  consumed  among  the  ashes  "  that  were  produced 
by  the  burning  of  his  body.  This  organ  often  survives,  we  believe,  the  decomposi< 
tion  of  the  other  fleshly  parts  of  its  receptacle. 

'^  Martyrs  to  the  CaiJiolie  Faith,  p.  182.  Bacon  mentions,  in  his  History  of  Life 
and  Death,  that  ''he  saw  the  heart  of  one  that  was  bowelled  for  high  treason  leap, 
on  being  cast  into  the  fire,  a  foot  and  a  half  high,  and  after,  by  degi*ecs,  lower  and 
lower,  for  the  space,  as  he  remembered,  of  seven  or  eight  minutes."  We  may  put 
any  construction  we  like  on  such  narratives,  and  it  was  stated  in  a  pamphlet  of 
the  day  that  when  the  body  of  Bellingham  (who  was  hanged  for  the  murder  of  Mr 
Percival  in  1812)  was  dissected,  "it  was  noticed  that  his  heart  continued  its 
functions  for  four  hours  after  he  was  laid  open. " 

'  See,  for  a  very  interesting  case  in  point,  Dr  Chevers'  MantuU  of  Medical 
Jurisprudence  for  India,  pp.  646-7  ;  and  Taylor  adds  that  "  Duval  saw  the  heart 
of  a  criminal,  a  quarter  of  an  hour  after  decapitation,  beating  with  great 
distinctness. " 
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case,  and  considerable  portions  of  its  body  may  be  taken  away 
without  apparently  diminishing  the  activity  of  its  owner,  or 
instantaneously  extinguishing  life.  We  will  now  endeavour  to 
establish  the  truth  of  this  statement  by  facts  drawn  from  our 
own  or  other's  experience. 

One  day,  while  shooting  with  a  friend  near  Lucknow,  we  came 
across  a  small  herd  of  the  Black  Buck  or  Antelope  of  the  plains. 
One  of  these,  a  female,  fell  to  the  rifle  of  our  companiou,  and  as 
this  succumbed  to  a  wound  of  the  head,  we  subjoin  a  sketch  of 
its  heart,  which,  it  will  be  at  once  noticed,  was  quite  intact.  The 
black  spot  or  star  on  it  is  intended  to  show  the  place  in  which 
one  of  its  fellows  was  struck,  about  the  same  time,  by  ourselves.^ 

This  latter  ran,  after  receiving  our  fire,  for  fully  40  yards  or 
80,  as  if  there  was  nothing  the  matter  with  it,  and  then  rolled 
over,  "  all  of  a  heap,"  and  fell  dead.  Till  this  took  place  we  were 
under  the  impression  that  we  had  missed  it.  On  examining  its 
heart  afterwards  we  easily  put  our  forefinger  quite  through  its 
centre  ^fig.  1).  The  ball  which  inflicted  the  wound  was  a  sharp- 
pointed  conical  one, and  was  fired  out  of  one  of  Sharp's  patent  rifles. 

The  animal  (Felis  tigris)  whose  heart  is  here  reproduced  (fig.  2), 
was  shot  by  us  at  night,  while  watching  from  a  muchan  (a  stage  in 
a  tree),  a  buflalo  that  was  tied,  as  a  bait,  beneath  us,  and  which 
it  had  sprung  upon  and  killed.  We  fired  from  a  distance  of 
forty  paces,  but  the  tigress  did  not  acknowledge  our  shot,  as  is 
usual  in  such  cases  when  they  are  struck,  but  gave  one  bound 
and  disappeared.  We  naturally  thought  that  we  had  missed  her, 
and  knowing  that  our  shot  and  its  smell,  &c.,  would  effectually 
scare  away  any  other  beast  that  might  be  prowling  about  in  the 
neighbourhood,  we  retired  to  our  tent  for  the  night  On  return- 
ing to  the  spot  whence  we  had  fired  on  the  previous  night,  early 
on  the  following  morning,  we  found  her  lying  quite  dead,  about 
120  yards  from  the  same. 

^  This  tolerance  is  not  peculiar  to  the  Antelope  of  India.  Mr  Myers  found  a 
very  similar  amount  of  vitality  in  one  of  its  fellows  in  Africa.  Describing  his 
adventures  in  a  portion  of  that  Continent,  he  says  {Life  am/mg  the  HoBmran 
Arahs,  p.  215)  that  "an  Antelope,  in  whose  side  such  a  hole  had  been  made  that 
the  lung  protruded,  not  only  survived  for  some  time,  but  actually  ran  away";  and 
he  adds  further  on,  that  ''  a  GazeUe  managed  to  gallop  off  more  than  one  hundred 
yards  after  most  of  its  interior  had  been  knocked  out  by  a  low  shot  with  an  ex- 
panding bullet.*'  It  has  not  been  considered  necessary  to  include  this  sketch 
in  our  plate. 
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She  had,  meanwhile,  bitten  her  thighs  through  in  two  or  three 
places,  but  this  is  not  a  very  uncommon  occurrence,  and  we  have 
even  heard  of  an  instance  in  which  a  wounded  tigress  worried 
her  own  young  ere  she  died.  The  fatal  wound  was  just  behind 
the  shoulder,  and^after  skinning  her  we  opened,  as  was  our  wont, 
lier  chest.  The  heart  was  completely  shattered,  even  more  so 
than  in  the  drawing.  The  ball  we  used  was  a  spherical  gauge, 
and  was  fired  from  a  smooth-bore  barrel  which  contained  5 
drams  of  powder. 

The  heart  here  figured  is  that  of  a  panther  (Felis  leopardtis), 
and  its  owner  was  killed  in  much  the  same  way  as  the  tigress 
just  referred  to  (fig.  3).  Our  bait  in  this  instance,  however,  was  an 
old  sheep,  and  not  a  buffalo,  and  we  fired  from  a  distance  of  only 
5  or  6  feet  The  brute  bounded  away  with  a  growl  (a  good 
sign),  and  we  found  it  dead  the  next  morning  about  40  yards 
from  where  we  stood.  On  examination  the  heart  was  found  to 
be  shattered.  Our  projectile  on  this  occasion  was  a  copper 
bottle  No.  12  bore  shell,  filled  with  chlorate  of  potash  and 
sulphuret  of  antimony,  and  it  was  propelled  by  4  drams  of 
powder. 

So  far,  omitting  minor  episodes,  for  our  own  personal  experi- 
ence on  the  point;  let  us  now  turn  to  the  experience  of  com- 
panions or  others  whose  feats  we  either  witnessed  ourselves  or 
had  them  rehearsed  to  us,  viva  voce,  by  their  authors.  A  field 
ofScer  of  our  acquaintance  (a  noted  Shikari),  answering  a  recent 
interrogatory  of  ours,  says : — "  I  once  fired  into  a  full-grown  tigress 
that  had  been  badly  wounded  in  the  belly  the  previous  day,  as 
she  was  going  full  split  in  pursuit  of  prey.  My  rifie  was  a 
16  bore,  and  this  contained  a  conical  (Jacob's)  shell  of  about  an 
ounce  and  three  quarters  weight.  It  did  not  explode,  which  was 
due,  I  think,  to  the  fact  that  I  fired  broadside  on,  as  she  was 
about  1  foot  from  my  muzzle.  I  fired  from  her  left  side,  and 
(being  6  feet  high)  directed  my  aim  heartwise,  and  the  ball 
tore  away  a  good  sized  piece  (of  fiesh)  from  the  apex  of  her 
heart  from  above  downwards." 

She  then  passed  on  as  if  untouched,  chased  for  15  yards  or 
so  a  gun-carrier,  and  pulled  him  down.  She  continued  to  worry 
him  alive  while  I  was  reloading  from  the  muzzle  one  barrel,  and 
then  sank  back  quietly  all  at  once  with  the  man  in  her  mautL 
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He  further  describes  the  charge  of  a  fall-grown  tiger,  whose 
heart  had  been  "  smashed  to  smithereens  '*  by  a  shell  explosion 
within  his  chest,  and  concludes  by  saying  that  "I  have  seen 
several  black-buck,  that  were  shot  through  the  heart  itself,  go 
full  tilt  as  it  untouched,  and  then  roll  over  dead." 

And  dbpropos  of  the  leadiug  passion  strong  in  death,  as  well  in 
beast  as  in  man,  I  may  be  here  permitted  to  interpolate  a  fact  in 
this  connection  that  was  related  tome  several  years  ago  by  a  bye- 
stander.  It  runs  to  the  effect,  that  an  officer  who  subsequently 
achieved  a  high  position  in  the  service  was  carried  bodily  from 
the  houdah  of  an  elephant,  at  a  spring,  by  a  tiger  through  whose 
heart  a  bullet  was  subsequently  ascertained  to  have  passed. 
The  officer  in  question  was  deposited  on  the  ground  badly 
bruised  and  scratched,  and  was  only  released  from  a  worse  fate 
by  the  death  of  his  assailant  on  his  body.^ 

And  though  these  statements  are  sufficient  of  themselves  to 
establish  the  truth  of  our  thesis,  yet  have  we  considered  it  desir- 
able to  add,  as  far  as  in  us  lay,  to  their  cogency.  We  have 
applied  with  this  view  to  two  medical  friends,  both  well-known 
shots,  to  favoar  us  with  their  experience  on  this  point,  and  they 
have  answered  us  in  confirmatory  terms.  One  of  them,  an 
officer  of  long  standing  in  the  Indian  Army,  assures  us  that  he 
was  once  charged  by  a  panther, "  the  whole  of  whose  thoracic 
viscera — including,  of  course,  the  heart — had  been  torn  to 
pieces,"  while  on  another  occasion  a  nylghaie  (a  species  of  cow), 
whose  right  auricle  and  root  of  aorta  were  wounded  by  a  No.  12 
spherical  bullet  passing  through  them,  went  away  ''  for  more 
than  100  yards  as  if  there  was  nothing  the  matter  with  him." 

The  other,  an  old  friend  and  confrlre^  writes  to  us  as  follows 
on  the  same  subject: — " I  can  give  you  two  instances  (of  surviv- 
auce  after  gun-shot  injuries  of  the  heart,  &c.),  one  shot  through 
the  heart  with  a  large  shell,  and  the  other  shot  through  the  aorta, 

^  We  may  quote,  in  corrobomtion  of  this  fact,  the  observation  of  Major 
Shakespear  ( Wild  Sports  of  India)  to  the  effect  that  **  those  who  have  not  actuaUy 
seen  it  will  scarcely  credit  that  a  tiger  will  often  go  in  his  charge  several  yards, 
with  all  the  power  and  capability  to  strike  down  everyone  in  his  path,  after  the 
bullet  has  gone  through  his  heart  or  crashed  through  his  brain."  Describing  his 
adventures  in  South  America,  Mr  Masters  says  {At  Home  ivith  the  PatagmiianSf 
p.  58),  dpropos  of  the  Puma,  that  ''to  kiU  this  animal  with  a  gun  is  rather  a 
difficult  matter,  as,  unless  the  ball  enters  his  skull,  or  stiikes  near  the  region  of 
the  heart,  he  has  as  many  lives  as  a  cat." 
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close  to  the  heart,  by  a  bullet,  which  cleaQ  divided  this  vessel  in 
its  entirety.  The  first  was  a  tigress,  which  stood  about  20 
yards  from  me ;  the  shell  entered  just  behind  the  right  shoulder, 
passed  through  both  ventricles  of  the  heart,  and  emerged  behind 

the  other  shoulder.    The  beast ran  a  little  over  100 

yards  and  then  dropped  dead." 

"B shot  a  tiger  with  one  bullet  through  part  of  the 

shoulder  and  brisket,  and  with  the  other  through  the  right 
shoulder  and  aorta  as  it  ran  away.  This  brute  gave  no  sign 
whatever  of  being  hit,  and  my  friend  thought  he  had  missed  him, 
but  it  was  not  so ;  on  following  up  the  track  we  found  him  dead 
about  40  or  50  yards  ahead  of  us.  I  made  a  post-mortem  ex- 
amination in  both  these,  and  can  vouch  for  the  truth  of  what  I 
have  written,"  and  it  is  painful  to  add  that  these  two  officers 
are  now  dead.  One  of  them  succumbed  to  injuries  that  were 
inflicted  by  a  tiger  in  the  Nepal  Terai,  the  other  died  of  a  fever 
that  was  contracted,  in  the  pursuit  of  game,  in  the  same  locality, 
and  both  were  men  of  much  promise  in  their  respective  spheres. 

We  might  easily  adduce  similar  records  in  respect  of  the 
Himalayan  bear,^  the  bison  of  the  American  Prairies,^  and  the 
ovis  ammon,  oorial  or  wild  sheep  of  Thibet,  and  the  Sevaliks,  did 
space  so  allow.  But  it  does  not.  We  have,  we  fear,  already  tres- 
passed too  far  on  the  indulgence  of  our  readers,  and  moreover 
we  have  had  no  experience  of  our  own  in  connection  with  these 
animals.  We  prefer,  therefore,  leaving  our  case  to  rest  on  its 
own  merits,  sach  as  they  are  as  above,  rather  than  encumber  it 
with  details  for  which  we  cannot  ourselves  personally  vouch. 
Books  of  sport  and  hunting  adventure  are  common  enough,  and 
such  of  our  readers  as  desire  further  information  on  these  points 
may  be  referred  to  the  writings  of  Dunlop,  Kinloch,  Markham, 
and  others,  who  have  specially  dealt  with  this  phase  of  the 
question. 

1  Sir  Edward  Melville  wonders  ( The  Last  of  the  Arctic  Voyages,  voL  i.  p.  64) 
that  a  bear  he  met  in  Melville  Bay  showed  fight  **  even  after  a  ball  had  passed 
through  his  brain." 

^  See  Ruxton's  AdvcTUures  in  Mexico  atvd  the  Rocky  Mountains^  p.  268,  and 
Captain  Trench  Townshend's  Tm  Thousand  Miles  of  Travel,  &c.,  &c.  The  writer 
has  been  recently  informed,  by  an  officer  who  served  at  the  Cape,  that  "  a  bustard 
once  flew  (in  his  presence)  several  hundred  yards  after  he  had  received  in  his 
chest  the  contents  (buckshot)  of  a  heavily  loaded  gun,  which  caused  the  viscera 
of  his  thorax  to  protrude, 
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EXPLANATION  OF  PLATE  XIX. 

Fig.  L  Heart  of  the  black  buck  of  the  plains  of  India,  showing 
wound  in  the  right  ventricle. 

Fig.  2.  Heart  of  a  tiger,  in  which  the  greater  part  of  the  ventricles 
was  shot  away. 

Fig.  3.  Heart  of  a  panther,  the  ventricles  of  which  were  destroyed 
by  a  12  bore  shelL 


^^ 


THE  ALIMENTARY  CANAL  AND  PANCREAS  OF 
ACIPENSER,  AMI  A,  AND  LEPIDOSTEUS.  By 
A.  B.  Macallum,  B.A,  Fellow  of  University  College^ 
Toronto,  Canada.    (Plate  XX.) 

The  iDvestigatiou,  some  results  of  which  appear  in  the  present 
work,  was  begun  two  years  ago,  with  the  object  of  treating  fully 
of  the  digestive  organs  of  fishes  in  general.  Since  I  have  now 
had  for  sonae  time  but  few  opportunities  for  continuing  the 
research  further,  and  do  not  expect  to  be  more  fortunate  in  this 
respect  for  a  year  or  so  to  come,  I  have  been  led  to  abandon 
that  object  wholly.  The  results  of  my  studies,  however,  so  far 
as  they  relate  to  Ganoid  fishes,  seem  to  me  to  have  some  value, 
and  I  have  therefore  decided  to  publish  them. 

The  description  here  given,  so  far  as  it  pertains  to  ZepidosteicSy 
is  based  on  forms  of  7-10  cm.  in  length,  which  I  was  forced  to 
accept  for  the  purpose,  since  the  adult  forms  are  to  be  obtained 
from  remote  places  only,  and  always  in  a  poor  state  of  preserva- 
tion for  histological  examination.  As  a  full  description  of  the 
histology  of  the  intestinal  tract  in  young  Lepidostei  would  not 
correspond  in  every  respect  to  the  conditions  obtaining  in  the 
adult  forms,  I  have  endeavoured  to  omit  references  to  peculi- 
arities of  structure  such  as  may  be  affected  by  age. 

The  terms  fore-gut,  mid-gut,  and  hind-gut  are  here  employed 
for  the  purpose  of  description,  as  they  answer  to  the  conditions 
of  the  alimentary  canal  in  fishes  better  than  any  others  that  can 
be  suggested.  They  have  already,  to  a  certain  extent,  been 
sanctioned  by  usage,  since  they  are  employed  in  the  English 
edition  of  Gegenbaur's  Elements  of  Comparative  Anatomy, 

Fore-Gut. 

(Esophagvs. — In  Acipenser,  that  part  of  the  alimentary  canal 
lying  behind  the  branchial  chamber,  and  terminating  about  3  cm. 
behind  the  membrane  separating  the  pericardial  and  peritoneal 
cavities,  is  usually  considered  to  be  the  oesophagus.  It  is  com- 
paratively short,  and  is  at  once  recognisable  by  the  lai^e  number 
of  papillae  arranged  in  longitudinal  series  on  its  inner  surface. 
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In  its  wall  are  fouud  the  two  layers  of  striated  muscular  fibre, 
commonly  present  in  the  oesophagus* of  fishes. 

There  are,  however,  elements  in  the  structure  of  this  part  of 
the  alimentary  canal  which  throw  some  doubt  on  its  being 
homologous  with  the  oesophagus  of  other  vertebrates.  It  is 
lined  with  an  epithelium  formed  of  many  layers  of  fusiform, 
polyhedral,  or  flattened  cells,  which  do  not  differ  to  any  appreci- 
able extent  from  those  of  the  membrane  lining  the  posterior 
part  of  the  pharyngeal  chamber.  This  kind  of  epithelium  is 
rare  in  the  oesophagus  of  fishes.^  There  are  also  to  be  found  in 
this  part  taste- buds,  occurring  usually  on  the  summits  of  the 
papillae  already  referred  to.  I  have  never  seen  any  reference  to 
the  occurrence  of  such  structures  in  the  oesophagus  of  any  verte- 
brate,^ but  they  are  to  be  met  with  commonly  in  pharynx, 
especially  in  fishes.  That  part  of  the  fore-gut  in  Acipemer 
immediately  following  the  so-called  oesophagus  is  devoid  of 
striated  muscle,  and  therefore  might  be  regarded  as  part  of  the 
stomach.  But  this  is  not  a  sure  method  of  distinguishing  the 
two  divisions  of  the  fore-gut,  for  if  the  anterior  part  possesses 
glands  which  secrete  a  digesting  principle,  the  absence  of  volun- 
tary muscular  fibre  is  a  necessary  condition,  in  order  to  allow 
the  secretion  to  perform  its  function.  The  anterior  part  of  the 
fore-gut  in  AdpeTiser  does  possess  glands  of  this  description, 
hence  the  absence  of  striated  muscular  fibre  from  its  wall.  It 
will  be  seen  farther  on,  that  the  division  of  the  fore-gut  into 
oesophagus  and  stomach  is  not  very  marked  in  Amia  and  Zepi- 
dosteus,  the  passage  from  one  to  the  other  part  being  at  best  but 
a  gradual  one.  That  part  following  the  papillated  section  of  the 
canal  in  Acipenser  must  be  regarded,  therefore,  as  the  true 
oesophagus,  and  from  its  structure,  as  described  below,  it  may  be 
correctly  said  to  terminate  a  short  distance  behind  the  opening 
of  the  duct  of  the  air-bladder,  near  the  commencement  of  the 
gastric  loop. 

The  papillated  portion  is  then  but  the  posterior  extension  of 
the  pharynx.    Its  inner  surface  is  greyish-white,  and  the  few 

^  According  to  Edinger  {Arc?t,  fUr  Mikr.  AnoL,  Bd.  xiii.  p.  651)  a  fleveral- 
layered  scale-like  epithelium  is  preseut  in  the  oesophagus  of  Polypter-us  and  of 
some  Selachians. 

^  In  Amphioxus  I  have,  however,  determined  the  presence  of  taste-buds  as  far 
posteriorly  in  the  alimentaiy  canal  as  the  opening  of  the  ''hepatic"  csecnm. 
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folds  that  are  present  run  longitudinally  between  the  series  of 
papillas.  It  terminates  about  3  cm.  behind  the  pericardial 
chamber.  The  epithelium  lining  it  is  constituted  of  from  five  to 
ten  layers  of  cells,  which  are  usually  fusiform,  often  polyhedral 
or  squamous,  the  superficial  layer  being,  however,  formed  of 
cylinder  and  goblet  cells  almost  invariably.  F.  E.  Schnlze^ 
found  the  cylinder  cells  provided  with  cilia.  I  am  unable  to 
confirm  this,  although  I  have  studied  the  epithelium  in  fresh 
and  in  hardened  condition.  The  theca  of  each  goblet  cell  is  of 
an  elongated  oval  shape  and  is  filled  with  mucus,  containing  a 
large  number  of  feebly  refracting  granules.  Many  of  the 
cylinder  cells  also  exhibit  a  mucigenous  transformation  of  their 
contents.  The  basal  processes  of  both  forms  of  cells  are  exceed- 
ingly fine  and  delicate.  The  replacement  of  the  cast-ofif  goblet 
cells,  into  which  all  the  cylinder  cells  are  metamorphoeed,  is 
accomplished  by  those  of  the  layer  next  below  them. 

The  taste-buds  are  not  different  from  those  found  in  the  mouth, 
except  perhaps  in  their  slightly  more  elongated  form  (fig.  2). 
Several  may  be  found  on  the  summit  of  a  papilla. 

The  true  OBSophagus  possesses  to  the  naked  eye  all  the  charac- 
teristics of  the  stomach.  The  colour  of  its  lining  membrane  is, 
in  the  fresh  condition,  chocolate-red,  and  its  folds  pass  uninter- 
ruptedly, without  increase  or  decrease  in  size  into,  those  of  the 
stomach.  The  calibre  of  both  parts  of  the  fore-gut  is  the  same. 
The  only  distinctions  to  be  found  between  them  lie  in  the  histo- 
logical structure  of  the  mucosa.  The  point  of  transition  between 
the  oesophagus  and  stomach,  as  already  stated,  is  near  the  gastric 
loop,  up  to  which  point  the  epithelium  of  the  former  retains  its 
cilia,  while  the  peptic  tubules  found  in  it  are  somewhat  different 
from  those  of  the  loop. 

In^Amia  the  oesophagus  is  short,  and  terminates  immediately 
behind  the  opening  of  the  duct  of  the  air-bladder.  As  in 
Adpenser,  the  inner  surfaces  of  both  oesophagus  and  stomach 
are  alike  in  every  respect  when  viewed  with  the  naked  eye. 
The  folds  in  both  parts  are  continuous  and  arranged  longitadin- 
ally,  while  the  dull  reddish  tint  of  the  mucosa  of  the  stomach  is 
possessed  to  some  extent  by  that  of  the  oesophagus.  Where  one 
part  ends  and  the  other  begins  can  be  determined  approximately 

1  Arch,  fur  Mikr.  Anal.,  Bd.  iii.  p.  174. 
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only,  the  lining  epithelium  and  the  glands  of  the  anterior  part 
passing  without  any  abrupt  change  into  those  of  the  posterior. 
Taking  the  presence  of  striated  muscular  fibre  as  a  guide  in  this 
determination,  although  a  very  uncertain  one,  the  two  parts  may 
be  divided  as  oesophagus  and  stomach  at  the  point  intimated. 

In  Lepidostetis  the  oesophagus  commences  immediately  anterior 
to  the  opening  of  the  air-duct;  where  it  terminates  posteriorly 
it  is  difficult  to  say.  The  distinction  between  the  two  parts  of 
the  fore-gut  is  not  less  indefinite,  perhaps  more  so,  than  in  the 
other  two  genera.  For  a  third  of  the  extent  of  the  straight  tube 
forming  the  fore-gut,  the  epithelium  in  character  and  the  glands 
in  both  character  and  number  differ  considerably  from  the 
corresponding  structures  in  the  posterior  two-thirds,  although,  so 
far  as  the  glands  are  concerned,  the  transition  from  one  to  the 
other  part  is  a  gradual,  not  an  abrupt  one.  The  anterior  third, 
which  may  therefore  be  termed  the  oesophagus,  does  not  seem  to 
have  any  striated  muscular  fibre  in  its  outer  wall,  but  the  speci- 
mens from  which  my  preparations  were  taken  were  not  of  such 
an  age  as  to  allow  me  to  speak  with  certainty  on  this  point. 

The  opening  of  the  air-duct  in  Amia  and  Lepidostevs  is  a 
longitudinal  slit  on  the  dorsal  side  of  the  oesophagus.  This 
opening  is  provided  with  two  folds,  one  on  the  right,  the  other 
on  the  left,  which  can  be  approximated  by  the  striated  muscular 
fibre  present  in  them  to  shut  ofi^,  after  the  fashion  of  a  glottis, 
all  connection  between  the  duct  and  the  cavity  of  the  oesophagus. 
The  muscular  fibre -is  very  abundant  in  Amia,  in  which  it 
radiates  out  over  the  duct  and  on  the  surface  of  the  air-bladder. 
In  Adpenser,  in  which  the  opening  of  the  duct  is  funnel-shaped, 
there  is  apparently  no  mechanism  by  which  the  cavity  of  the 
air-bladder  can  be  completely  closed  off  from  that  of  the  oeso- 
phagus. 

In  Acipenter,  Amia,  and  Lepidostevs  the  epithelium  of  the 
oesophc^s  is  ciliated.  The  cilia  in  the  first  named  form  a  thick 
brush  on  each  cell,  and  all  usually  matted  together  by  mucus ; 
in  the  other  two  genera  they  are  much  longer  and  finer.  The 
cells  in  all  are  cylindrical,  with  fine  basal  processes  which  pass 
into  and  are  interwoven  with  the  connective  tissue  of  the 
mucosa.  In  Adpenser,  in  the  outer  or  peripheral  halves  of  a 
large  number  of  these  cells,  the  contents  are  swollen  like  those 
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of  the  goblet  cells,  bat  the  staining  with  varioijs  dyes  is  uniform 
in  the  inner  and  oater  cellular  portions,  the  absence  of  mucigen 
being  thereby  shown.  In  Amia  many  of  the  cells  have  lost 
their  cilia  and  are  changed  into  goblet  cells ;  this  is  more  com- 
monly the  case  in  the  shallow  crypts  which  are  to  be  found 
abundantly  over  the  mucous  surface.  All  the  cells  exhibit  the 
mucigenous  transformation.  In  Lepidostens  the  cells  are  of 
regular  form,  with  their  outer  portions  containing  a  quantity  of 
mucigen.  Cilia  were  observed  on  all  the  cells.  In  this  genus, 
as  well  as  in  Acipenser,  some  of  the  cellular  elements  must, 
before  they  break  up  or  are  destroyed,  open  peripherally  to  dis- 
charge their  mucus. 

In  the  opening  of  the  air-duct  in  the  three  genera  the  cylinder 
cells  are  short,  and  in  the  middle  of  the  extent  of  the  duct  they 
become  cubical  In  Lep'idosteus  the  folds  at  the  side  of  the 
opening  are  covered  with  short  columnar  cells. 

In  Adpenaer  and  Lepidosteus  the  derivatives  of  the  epithelium 
in  the  oesophagus  may  be  referred  to  three  forms: — (1)  elongated 
crypt-like  insinkings  ;  (2)  elongated  crypts  terminated  in  dilated 
sacs;  (3)  true  gland  tubules.  In  Amia  in  addition  to  these 
three  classes  of  structures  there  is  a  fourth,  examples  of  which 
are  to  be  found  in  the  neighbourhood  of  the  mouth  of  the  air- 
duct,  in  the  latter  and  even  in  the  air-bladder. 

The  elongated  crypt-like  insinkings  of  the  epithelium  are 
apparently  most  common  in  Acipenser  in  which  they  are 
specially  noticeable  at  the  commencement  of  the  oesophagus. 
They  are  not  always  straight  in  their  course  through  the 
mucosa.  The  ordinary  epithelium  of  the  general  surface  is 
continued  into  them  for  half  their  length,  while  the  lower  half  of 
the  cylinder  cells,  though  still  retained,  are  shortened,  much 
so  in  Amia,  and  their  cilia  less  prominent  In  these  the 
nuclei  are  placed  next  the  membrane  of  connective  tissue 
surrounding  the  crypt ;  the  contents  of  the  central  portions  of 
the  cells  appear  to  be  mucigenous  when  viewed  in  sections  of 
the  hardened  tissue,  but  when  observed  after  isolation  in  serum 
the  mucigen  is  obscured  by  the  presence  of  fatty  matter  in  the 
form  of  minute  globules,  which  ^are  more  abundant  near  the 
lumen.  In  Amia  the  corresponding  cells  are  shorter  and  the 
central  half  of  each  is  packed  full  of  granules,  whether  of 
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zymogen  or  not  I  am  unable  to  say.  In  Lepidoetevs  these 
insinkings  of  the  epithelium  are  found  only  at  the  posterior  end 
of  the  first  third  of  the  fore-gut,  and  their  cells  are  much  short- 
ened, often  reaching  a  cubical  form. 

In  Adpenser  these  crypts  may  branch  more  than  once, 
although  as  a  rule  they  do  not  branch  at  all.  In  this  genus 
they  are  not  found  farther  than  2  cm.  behind  the  commencement 
of  the  oesophagus,  where  they  become  changed  into  the  structures 
of  the  third  class  mentioned  above.  This  change  is  a  gradual 
one,  the  cells  at  the  bases  of  the  crypts,  as  the  latter  are 
followed  backward,  becoming  shorter  and  more  cubical,  assuming 
at  the  same  time  a  more  specialized  glandular  character.  In 
Amia  also,  these  insiukings  are  least  numerous  where  the  true 
gland  tubules  are  most  so,  and  passage-forms  between  the  two 
classes  of  structures  are  present. 

Elongated  crypts  terminating  in  dilated  sacs  are  not  numerous 
in  Adpenser,  and  Lepidosteus  and  in  Amia,  in  which  they  appear 
to  occur  in  the  largest  number,  they  bear  a  very  small  proportion 
to  the  structures  of  the  first  class.  As  to  their  character  they 
are  most  highly  developed  in  AcipeTi^er  and  least  so  in  Lepi- 
dosteus.  The  tubular  part  is  lined  with  cylinder  cells  which 
decrease  in  length  as  the  sac  is  approached,  while  the  cilia 
become  shorter  and  less  abundant.  There  is  in  Acipensei*  a 
slight  constriction  of  the  tubule  where  it  terminates  in  the  sac ; 
at  this  point  the  cilia  vanish  and  the  cells  attain  their  greatest 
decrease  in  height.  The  cells  liniog  the  sac  and  their  nuclei 
are  flattened,  but  the  form  never  becomes  squamous.  What 
little  protoplasm  there  is  surrounding  the  nuclei  appears  clear 
and  transparent. 

Sometimes  in  Amia  one  or  more  gland  tubules  are  found  to 
open  into  one  of  these  sacs.  This  is  the  case  in  young  forms 
particularly.  I  have  not,  however,  observed  a  like  arrangement 
in  the  two  other  genera,  but  whether  it  occurs  in  them  or  not 
these  sacs  are  still  remarkable  on  account  of  their  structure, 
since  they  have  not,  as  far  as  I  am  aware,  been  observed  in  any 
other  fish.  Their  fewness  of  number  and  their  limited  distri- 
bution in  Adpeviser  also  render  them  worthy  of  note.  They 
cannot  serve  in  any  case  for  the  purpose  of  absorption,  since 
they  are  placed  too  far  in  front  of  the  seat  of  digestive  changes. 
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and  a»  they  are  UDdoubtedly  devoid  of  a  glandular  fuDction,  one 
is  compeUed  to  consider  them  to  be  transudatory  organs.  A 
careful  study  of  the  histology  of  the  fore-gut  in  a  large  number 
of  fishes  may  show  the  presence  of  these  structures  to  be  more 
general. 

True  gland  tubules  are  most  abundant  in  the  oesophagus  of 
Acipenser  and  fewest  in  Lepido$te7i8 ;  in  the  latter  they  are  only 
to  be  found  at  the  posterior  end  of  the  oesophagus.  In  the  first 
named  genus  they  are  usually  much  elongated,  the  elongation 
increasing  as  they  are  followed  backward.  Large  cubical  cells 
line  them  and  enclose  a  lumen  of  considerable  size.  The 
contents  of  the  central  half  of  each  cell  stain  with  difficulty 
in  carmine,  while  the  contrary  is  the  case  with  the  outer  half  in 
which  the  nucleus  is  placed.  The  edge  of  the  cell  touching  on 
the  lumen  is  very  irregular  and  ragged  in  appearance,  owing  to 
the  abundance  of  granules  present. 

The  neck  of  each  tubule  and  the  crypt  into  which  it  opens 
constitute  from  one-third  to  one-half  the  length  of  the  three 
parts,  and  in  this  respect  there  is  a  marked  contrast  to  the 
glands  of  the  anterior  portion  of  the  stomach  in  Adpenser,  or 
to  those  in  any  part  of  the  cardia  in  the  other  genera.  In  the 
crypt  the  epithelium  is  the  same  as  that  of  the  general  surface, 
being  ciliated  and  cylindrical.  In  the  neck  of  the  gland  the 
cells  are  transitional  in  their  form,  and  contents  between  those 
of  the  crypt  and  those  of  the  body  of  the  tubule,  being  nearly 
cubical  in  form,  and  containing  a  non-granular  protoplasm  with 
a  narrow  zone  of  mucigenous  matter  in  each,  which  borders  on 
the  lomen. 

There  is  in  Amia,  as  already  mentioned,  a  fourth  variety  of 
tubules  occurring  at  the  mouth  of  the  air-duct,  and  appearing  to 
be  similar  in  every  respect  to  that  found  in  the  air-duct  itself, 
and  on  the  inner  surface  of  the  inferior  wall  of  the  air-bladder. 
Tubules  of  this  sort  are  not  numerous.  They  and  the  crypts 
into  which  they  open  are  very  short.  Their  cells  are  narrower 
and  shorter  than  those  of  the  other  kinds  of  tubules  described. 
Sometimes  the  contents  of  the  cells  are  strongly  granular,  at 
other  times  they  are  constituted  of  mucus  almost  wholly.  The 
lumen  of  the  tubule  is  more  frequently  indistinct. 

I  had  not,  unfortunately,  an  opportunity  of  studying  these 
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tubules  in  a  fresh  condition,  when  a  careful  examination  of 
them  might  reveal  more  about  their  function.  They  are  in  all 
probability  but  degraded  forms  of  the  true  gland  tubules  of  the 
oesophagus.  A  wider  knowledge  of  the  histology  of  the  air- 
bladder  in  fishes  may  show  that  the  occurrence  of  tubules  of 
this  description  is  not  confined  to  Amia,  since  the  air-bladder, 
before  its  function  had  become  hydrostatic,  probably  acted  as  an 
accessory  secreting  organ  provided  with  the  same  histological 
structure  as  the  fore-gut  from  which  it  originated  as  an  out- 
growth, and  ought,  therefore,  still  to  have  in  many  cases  traces, 
though  rudimentary,  of  this  similarity. 

Stamadi, — The  stomach  in  the  three  genera  shows  a  consider- 
able difference  of  form.  The  division  of  it  into  cardia  and 
pylorus  is  easily  distinguishable,  much  more  so  than  is  the 
division  ot  the  fore-gut  into  oesophagus  and  stomach. 

In  Acipenser  the  stomach  is  thrown  into  a  loop  which  ex- 
tends forward  in  front  of  the  month  of  the  air-duct,  where  the 
cardiac  portion  terminates  in  a  retort-like  pylorus.  The  wall 
of  the  cardia  does  not  di£fer  in  thickness  from  that  of  the  ceso- 
phagus,  but  in  the  pylorus  the  thickness  is  from  one  and  a  half 
centimetres,  especially  at  the  upper  and  under  surfaces,  at  each 
of  which  the  muscle  fibre  is  collected  into  a  thick  plate-like 
mass;  this  in  the  relaxed  condition  of  the  pylorus  lies  flat  on  its 
fellow  of  the  opposite  side.  At  the  right  and  left  borders  of 
these  thickened  plates  the  wall  of  the  pylorus  is  as  thin  as  in 
the  cardia.  In  the  latter  the  colour  of  the  mucous  membrane 
in  its  fresh  condition  is  chocolate-red  and  the  folds  are  arranged 
longitudinally,  while  in  the  pylorus  the  mucous  membrane  is 
dull  white  and  its  surface  smooth.  Viewed  from  without  there 
is  a  contrast  in  the  colour  of  the  two  parts  of  the  stomach,  that 
of  the  pylorus  being  a  glistening  white.  In  a  sturgeon  measur* 
ing  66  cm.  the  cardia  was  16  cm.,  and  the  pylorus  3  cm.  in 
length. 

In  Amia  the  cardia  is  dilated  and  its  cavity  is  continued 
behind  into  a  conical  cfiecum.  The  pyloric  tube  originates 
from  the  lower  side  of  the  cardia  and  passes  forward  and 
outward,  undergoing  a  constriction  where  it  unites  with  the 
mid-gut.  The  wall  of  the  stomach  is  of  equal  thickness 
throughout,  except  for  a  slight  increase  of  the  muscular  tissue 
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Dear  the  termination  of  the  pylorus.  The  mucous  membrane  is 
folded,  the  direction  of  the  folds  being  longitudinal;  its 
colour  is  the  same  in  the  first  half  of  the  pylorus  as  it  is  in  the 
cardia  and  caecum.  The  surface  of  the  membrane  in  the 
posterior  half  of  the  pylorus  is  nearly  smooth.  The  colour  here 
is  a  dull  white. 

In  Lepidosteus  the  calibre  of  the  stomach  increases  bs  it 
passes  backward.  Its  caecum,  if  it  can  be  said  to  have  any,  is 
very  short.  Its  mucous  membrane  is  raised  into  longitudinal 
folds.  On  the  inferior  surface  the  narrow  pyloric  tube  passes 
forward  a  short  distance,  then  turns  to  the  right,  and  terminates 
in  the  mid-gut  immediately  in  front  of  the  lobulated  pyloric 
appendage. 

The  epithelium  of  the  stomach  in  Acipenser  h  somewhat 
different  in  character  from  that  in  the  oesophagus,  and  it  differs 
even  in  the  cardia  and  pylorus.  The  cells  constituting  it  in  the 
cardiac  portion  are  longer  and  more  slender  than  those  in  the 
oesophagus,  and  smaller  than  those  in  the  pylorus  They  are 
unciliated,  a  peripheral  membrane  is  present  in  each,  and  their 
contents  do  not  apparently  show  any  traces  of  that  transforma- 
tion into  mucigen  usually  observable  in  the  gastric  epithelium 
of  other  vertebrates.  The  staining  in  my  preparations  is  quite 
uniform  throughout  each  cell.  Only  when  Mliller's  fluid  or  a 
solution  of  potassic  bichromate  had  been  used  as  a  hardening 
reagent  did  any  of  the  cells,  and  then  only  a  few,  exhibit  a 
peripheral  opening.  When  alcohol  alone  had  been  used  in 
preparing  the  epithelium  the  peripheral  wall  of  each  cell  appears 
thick,  probably  owing  to  a  deposit  of  mucus  on  the  outside. 

In  the  pylorus  of  Acipenser  the  majority  of  the  cells  of 
the  epithelium  are  open  peripherally;  from  this,  and  from 
their  being  sometimes  swollen,  they  bear  a  resemblance  to 
goblet  cells.  The  contents  of  the  distal  half  of  each  cell  are 
almost  completely  mucigenous.  A  thick  dense  layer  of  mucus 
is  often  found  to  cover  the  epithelium,  but  it  does  not  dip  down 
into  the  crypts,  although  it  accommodates  itself  to  the  general 
surface  of  the  mucous  membrane.  Scattered  throughout  this 
layer  of  mucus  a  large  quantity  of  granules  together  with  nuclei 
of  broken-down  cells  can  be  observed. 

In   Amid  the  epithelium  is  ciliatuKl  throughout  the  cardie, 
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Caecum,  and  pylorus.  The  cells  are  long  and  cyliudricali  slightly 
swollen  at  their  peripheral  halves,  and  they  are  covered  in 
chromic  acid  preparations  by  a  thin  coat  of  mucus.  The  contents 
in  the  peripheral  half  of  each  cell  do  not  appear  in  fresh  condition 
to  differ  from  those  in  the  central  half,  but  when  hardened  and 
stained  it  is  usual  to  find  the  outer  half  of  the  cell  completely 
uncoloured.  The  cilia  are  obscured  by  the  coat  of  mucus,  but 
in  the  deeper  crypts  when  this  is  absent  they  can  be  easily 
observed. 

In  Zepidostevs  the  epithelium  of  the  posterior  two-thirds  of 
the  fore-gut  is  unctliated,  except  in  the  posterior  half  of  the 
pyloric  tuba  The  cylinder  cells  are  always  provided  with  a 
peripheral  membrane.  They  contain  mucigen,  as  they  are 
stainable  only  in  their  central  halves. 

The  glands  of  the  cardia  in  Acipenser  are  of  the  type  to  be 
usually  found  in  fishes  (fig.  7).  The  crypts  of  the  epithelium, 
into  which  several  gland  tubules  may  open,  have  evidently  been 
mistaken  by  Leydig  ^  for  glands,  and  they  form,  according  to 
him,  as  such  the  only  kind  observable  in  Acipense7\  Edinger,^ 
commenting  on  Leydig's  description,  remarks  that  it  is  doubtful 
if  Adpenser  has  true  gastric  glands,  for  the  structures  figured  and 
described  by  Leydig  bear  no  resemblance  at  all  to  the  peptic 
glands  of  other  fishes.  Wiedersheim,^  also  misled  by  Leydig's 
descriptiou,  doubts  the  existence  of  peptic  glands  in  the  Sturgeon. 
I  am  unable  to  explain  how  Leydig  came  to  overlook  the  true 
glands,  unless  it  is  that  in  the  species  studied  by  him  the  epi- 
thelial crypts  are  actually  the  only  approach  to  the  form  of  glands 
]>resent  This  is  not  probable,  however,  and  further  attention 
given  to  the  structure  of  the  gastric  mucosa  in  A.  naearii  and 
nasus,  the  species  employed  by  Leydig  in  his  research,  will  in  all 
likelihood  show  glands  not  differing  to  any  appreciable  extent 
from  those  observed  by  me  in  A,  rtMcundus. 

The  cells  of  the  tubules  may  be  classed  according  as  they 
occupy  the  neck  or  the  body  of  the  gland.  Those  in  the  neck 
evidently  do  not  secrete  pepsin,  as  they  lack  granules  and  gene- 

^  UTttersuchungeniiber  Pische  und  Septilienf  Berlin,  1853,  p.  16  ;  also  Le?irlnich 
der  Histologie,  1857,  p.  813. 

•  Arch,  f&T  Mikr.  Anal.,  Bd.  xiii.  p.  651. 

*  Lehrbuch  der -Fergleiehenden  AncUomie  der  JVirbeUhiere,  p.  581. 
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rally  take  a  uniform  staia  with  hematoxylin  or  carmine.  They 
are  transitional  in  their  form  and  characters  between  the  ordinary 
epithelial  cells  and  those  of  the  body  of  the  tubule,  being  similar 
to  the  latter  in  size  and  shape.  In  this  part  of  the  gland  the 
lumen  is  distinct  in  the  body,  usually  it  is  not.  The  true  gland 
cells  are  rhombohedral  in  shape ;  the  nucleus  in  each  is  placed  in 
the  half  of  the  cell  removed  from  the  lumen,  and  the  contents  of 
the  central  half  are  very  granular  and  difficult  to  stain.  In  pre- 
parations made  from  a  Sturgeon  which  had  undergone  previously 
a  prolonged  period  of  hunger,  the  staining  which  these  cells  took 
was  more  uniform.  Ordinarily  they  are  seen,  when  isolated,  to 
have  each  a  fine  process,  which,  when  the  cell  occupies  its  posi- 
tion in  the  tubule,  is  directed  downwards  between  the  membrana 
propria  and  the  cell  next  below.  These  processes  are  to  be  ob- 
served in  the  gastric  glands  of  many  fishes,  for  example  in  Ferca, 
AviiuntSy  Gasterosteus,  Stizostedion,  Esox,  &c.,  and  they  seem  to 
point  out  that  the  development  of  epithelial  cells  into  gland  cells 
is  not  a  complete  one  in  fishes,  so  far  as  form  is  ooucerned. 

These  glands  are  more  numerous,  but  shorter  near  the  pylorus. 
In  the  pylorus  they  are  replaced  by  the  less  numerous  mucous 
tubules,  which  are  very  much  elongated,  and  provided  each' with 
a  wide  lumen  (fig.  9).  The  cells  constituting  them  are  of  two 
kinds  :  short  goblet  cells  and  columnar  cells,  the  latter  being 
sometimes  wholly  replaced  by  the  former.  The  columnar  cells 
are  closed  and  their  contents  slightly  granular.  In  the  goblet  cells 
the  greater  part  of  each  is  formed  of  a  moderately  swollen  theca, 
the  contents  of  which  are  clear,  unstainable,  and  apparently 
formed  of  mucigen.  The  nuclei  in  both  forms  of  cells  are 
placed  next  the  membrana  propria  of  the  tubule.  These  mucous 
glands  are  evenly  distributed  throughout  the  pylorus ;  the  re- 
placement of  the  cardiac  glands  by  them  is  an  abrupt,  not  a 
gradual  one. 

In  Amia  one  or  more  gland  tubules  may  open  into  each  short 
crypt  of  the  epithelium.  As  in  Adpmser  the  cells  of  the  neck 
and  those  of  the  body  of  the  tubule  are  quite  different  Those  of 
the  body  are  provided  with  fine  processes  also.  The  lumen  is 
distinguishable  usually  only  as  a  line  in  the  axis  of  the  tubule, 
but  it  is  seen  more  clearly  in  transverse  section  (fig.  8).  The 
gland  cells  are  small  and  but  slightly  granular.     Since  all  my 
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preparations  were  made  from  speoimens  of  Amia  which  had 
gone  without  food  for  nearly  two  months,  I  am  unable  to  speak 
of  the  condition  of  these  cells  during  activity.  As  it  is,  they  and 
their  nuclei  stain  deeply  and  nearly  uniformly.  The  cells  of 
the  neck  are  fewer  in  number  compared  with  those  of  the  body 
of  the  gland  than  in  AcipeTiser.  In  the  pylorus  they  become 
more  numerous  at  the  expense  of  the  gland  cells.  About  the 
middle  of  the  extent  of  the  pylorus  the  neck  cells  form  about 
three- fourths  of  the  tubule,  while  a  few  millimetres  farther  on 
the  gland  cells  vanish  completely.  The  tubules  then  in  the 
posterior  half  of  the  pylorus  are  formed  of  cells,  not  diifering 
from  those  in  the  necks  of  the  cardiac  glands  except  in  the 
greater  abundance  of  cilia. 

In  Lepidosteus  the  gland  cells  in  the  cardiac  tubules  are  small, 
but  their  nuclei  are  large.  Granules  were  not  observed  in  the 
interior  of  the  cells  during  either  their  resting  period  or  their 
functional  activity.  Naturally  a  different  result  would  be 
obtained  in  the  case  of  a  fully  adult  form.  The  cells  stain  uni* 
formly  in  carmine  or  hematoxylin.  Mucous  glands,  such  as  are 
figured  by  Edinger  from  the  posterior  part  of  the  stomach,  were 
not  developed  in  the  specimens  from  which  my  preparations 
were  made.  In  the  shallow  cavity  answering  to  a  ca3cum  tlie 
few  tubules  present  had  a  larger  lumen  than  those  in  the  main 
portion  of  the  stomach,  but  are  short-er  in  length. 

The  Mid-Gut. 

The  mid-gut  in  Acipenser  has  a  different  arrangement  as 
regards  its  coils  and  loops  from  what  it  has  in  either  Amia  or 
lepidosteus. 

In  Adpenser  the  anterior  or  duodenal  portion  is  a  straight 
tube  of  about  12  cm.  length  (in  a  specimen  measuring  66  cm.), 
and  terminates  in  a  median  portion  of  7  cm.,  which  is  directed 
forward  to  pass  into  the  posterior,  or  valvate  section  of  the 
intestine.  The  latter  portion,  which  tapers  into  the  rectum 
or  hind-gut,  contains  the  spiral  valve.  The  median  part  is 
as  a  rule  of  smaller  calibre  than  the  others,  from  which  it  is 
marked  off  by  a  slight  constriction  at  each  end.  The  valvate 
part  is  of  largest  diameter  and  provided  with  the  thickest  wall. 
It  is  supplied  with  a  vein  and  an  artery,  both  of  considerable 
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size,  which  accompany  the  coils  of  the  spiral  valve  about  the 
axis  of  the  intestine.  The  coarse  of  the  two  vessels  appears 
usually  very  distinct  through  the  muscular  layers  and  the 
serosa,  but  sometimes  the  amount  of  pigment  present  is  such  as 
to  obscure  them.  It  is  noticeable  in  the  other  portions  of  the 
intestine,  as  well  as  here,  that  pigment  tissue  is  distributed 
chiefly  along  the  course  of  the  vascular  channels.  The  valvate 
portion  of  the  mid-gut  measures  about  20  cm.  while  the  hind- 
gut  is  not  more  than  1  cm. ;  the  former  is  also  greater  in  length 
than  the  anterior  and  median  sections  taken  together. 

In  Amia  the  anterior  straight  portion  of  the  mid-gut  measures 
18  cm.  (in  a  full  grown  specimen  of  55  cm.),  nearly  occupying 
the  length  of  the  peritoneal  cavity.  It  is  connected  on  the  left 
with  a  median  portion  of  9  cm.,  which  is  directed  forward,  and 
terminates  opposite  the  caecum  of  the  stomach  in  the  posterior 
part  answering  to  the  valvate  section  of  the  mid-gut  in 
Acipenser,  but  having  a  very  small  portion  of  itself  occupied 
by  the  spiral  valve.  The  rectum  or  hind-gut  does  not  measure 
more  than  2  cm.  The  spiral  valve  is  3  cm.  long,  the  total  length 
of  the  mid-gut  in  front  of  it  being  32  cm. 

In  figures  of  the  intestine  in  Am>ia  which  have  been  given 
hitherto,  the  mid-gut  is  represented  wrongly  with  a  calibre 
greatly  decreasing  as  it  extends  backward.  The  only  decrease 
in  size  which  occurs  at  all  is  to  be  found  in  the  rectal  portion. 

In  Lepidosteus  there  seems  to  be  a  great  difference  in  the 
number  and  arrangement  of  the  loops,  according  to  the  size  of 
the  specimen  examined.  In  young  forms  it  is  as  represented  in 
fig.  1.  Consulting,  however,  the  figure  of  the  intestines,  as  given 
by  Balfour  and  Parker^  in  their  work  on  the  structure  and 
development  of  Lepidosteus,  one  sees  there  a  more  complicated 
looping  of  the  mid-gut,  which,  according  to  these  authors, 
possesses  three  compact  coils.  The  specimen  of  Lepidosteus  from 
which  their  figure  was  drawn  measured  100  cm.  I  was 
consequently  at  first  of  the  opinion  that  the  figure  given 
here  represents  a  very  early  condition,  but  such  a  condition  is 
indicated  by  van  der  Hoeven  ^  in  a  case  where  the  alimentary 

'  Phil.  Trails.,  1882,  pt.  i.  p.  359. 

8  "  Ueber  die  zellige  Schwimmblase  des  Lepidosteus,"  Miiller^s  Arehiv,  1841, 
and  pi.  X. 
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canal  measured  30  cm.,  and,  moreover,  notes  made  three  years 
ago,  when  I  was  dissecting  a  smaller  specimen,  seem  to  show 
that  this  arrangement  persists  for  a  large  part  of  the  life  of  the 
fish. 

It  is,  however,  not  surprising  that  great  differences  should  be 
found  in  the  mid-gut  of  Lepidodeics  and  of  fishesgenerally.  I  have 
elsewhere  ^  called  attention  to  the  unequal  growth  of  this  part 
of  the  intestine  in  Amiurus  nigricans  during  its  life  history.  In 
this  fish  it  was  shown  that  the  mid-gut  of  one  of  60  cm.  body- 
length  measured  more  than  treble  that  of  a  specimen  of  38  cm. 
This  disproportion  in  the  growth  of  the  mid-gut,  in  relation  to 
the  growth  in  length  of  the  body,  is  noticeable  in  other  fishes 
also.  In  consequence,  the  difTereuce  in  the  arrangement  of  the 
loops  in  the  mid-gut  in  Lepidosteus  is  explained  on  the  ground 
that  an  increase  in  size  of  the  body  calls  for  a  greater  increase 
in  the  length  of  the  principal  part  of  the  absorptive  tract,  which 
is  thereby  thrown  into  a  larger  number  of  coils. 

The  arrangement  of  the  loops  in  a  young  Lepidostma  is  inter- 
esting on  account  of  its  similarity  to  that  in  the  mid-gut  of 
Amia.  It  appears  probable  then  that  this  was  the  disposition 
of  the  part«  in  the  mid-gut  in  both  genera  before  the  spiral 
valve  had  acquired  its  present  rudimentary  condition. 

The  pyloric  valve  in  Adpenser  and  Amia  takes  the  form  of  a 
tube  projecting  into  the  cavity  of  the  mid-gut  for  a  centimetre 
or  more.  A  valve  like  this  is  present  in  Lepidosteus,  according 
to  Balfour  and  Parker ;  it  is  present  in  young  forms  of  7-10  cm. 
length,  but  it  is  not  fully  developed.  In  Adpenser  and  Amia 
it  is  provided  with  a  thickened  ingrowth  of  the  fibre  of  the 
musctdaris  mucosce. 

The  inner  surface  of  the  anterior,  or  duodenal  section  of  the 
mid-gut  in  Adpenser  is  covered  with  a  thick  mucous  membrane 
honey-combed  with  crypts  of  various  size,  the  openings  of  the 
majority  of  which  are  very  plainly  visible.  There  is  otherwise 
but  little  uneveuness  of  surface.  If  the  membrane  is  in  a  bad 
state  of  preservation,  however,  or  if  its  epithelium  has  been 
macerated  away,  it  then  presents  the  appearance  of  a  network 
of  minute  folds,  a  condition  erroneously  ascribed  to  the  intact 
membrane.    In  the  median  part  of  the  mid-gut,  that  which  is 

*  Proceedings  Canad,  Inst,^  Toronto,  new  serieB,  vo],  ii.  No.  8. 


618  MR  A.  B.   MACALLUM. 

directed  forward,  the  crypts  are   as  a  rule  smaller  and  less 
numerous,  while  the  mucosa  apparently  is  thinner. 

In  Amia  the  mucous  membrane  of  the  anterior  section  of  the 
mid-gut  shows  a  prominent  network  of  folds,  at  the  junction 
of  every  two  of  which  occurs  a  prolongation  outwards  in  the 
form  of  a  villus.  The  surface  is.  uneven,  and  the  crypts  visible 
to  the  naked  eye  seem  to  be  but  shallow  cavities  between  the 
folds.  As  in  Acipenser,  the  median  portion  possesses  in  its 
mucosa  the  characters  of'  the  anterior  section,  but  in  a  less 
marked  degree :  its  folds  are  smaller,  its  surface  smoother,  and 
its  crypts  less  numerous. 

In  my  preparations  of  Lepidostetis  the  mucous  membrane  is 
folded  alike  over  the  whole  of  the  mid-gut,  and  presents  insink- 
ings  of  the  epithelium  to  form  structures  analogous  to  the  crypts 
in  Acipenser  and  Amia, 

In  Acipenser  the  mucous  membrane  of  the  valvate  section  of 
the  intestine  is  as  thick  as  that  of  the  anterior  or  duodenal 
section,  but  in  the  size  and  the  number  of  the  crypts  it  is  like 
that  of  the  median  part.  The  crypts  are  all  but  absent  from 
the  surface  of  the  spiral  valve.  In  Amia  the  corresponding 
section  of  the  mid-gut  is  in  its  anterior  two-thirds  lined  with  a 
mucosa  of  a  character  like  that  of  the  median  portion  which  is 
directed  forward.  Tn  the  posterior  third,  containing  the  spiral 
valve,  the  mucosa  of  its  wall,  between  the  threads  of  the  spiral, 
is  provided  with  narrow  longitudinal  folds,  oblique,  or  transverse 
ones  being  wanting.  The  larger  crypts  visible  to  the  naked 
eye,  occurring  on  the  spiral  valve,  which  is  almost  as  smooth  as 
in  Adpenser^  are  very  few  in  number  and  may  be  completely 
absent 

The  number  of  turns  in  the  spiral  valve  in  Acipenser  is  usually 
eight,  and  the  distance  between  them  averages  about  2*5  cm. 
The  valve  appears  sometimes  thin  and  membranous,  at  other 
times  it  is  found  to  be  very  thick,  the  difference  in  size  being 
no  doubt  due  to  the  degree  of  distension  to  which  the  lymph- 
and  blood-vessels  are  subjected.  This  portion  of  the  intestine 
is  always  provided  with  a  thick  and  unyielding  muscular 
wall 

In  Aviia  the  spiral  valve  makes  nearly  four  turns.  It  is  not 
as  thick  nor  as  high  as  in  Acipenser,  and  the  turns  of  the  spiral 
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are  more  closely  approximated,  beiug  about  three-fourths  of  a 
centimetre  apart. 

Id  Lepidosteus  the  valve  makes  three  and  a  half  turns,  and  in 
specimens  of  7-10  cm.  in  length  is  so  large  as  to  fill  completely 
the  lumen  of  the  intestinal  tube.  There  is  evidently  a  reduction 
in  the  number  of  turns  of  the  spiral  in  advancing  age,  for, 
according  to  Balfour  and  Parker,  in  the  fully  adult  specimen 
examined  by  them  the  valve  does  not  complete  the  second  turn. 

A  transverse  section  of  the  anterior  portion  of  the  mid-gut  in 
Acipenser  shows  under  the  microscope  a  mucosa  crowded  with 
elongated  crypts  or  tubules,  each  possessing  a  large  lumen  of 
varying  diameter.  They  may  open  separately  on  the  epi- 
thelial surface,  or  several  may  be  united  so  as  to  open  by  a 
large  common  mouth.  They  are  a  continuation  of  those  of  the 
pylorus,  but  have  acquired  a  differently  constituted  epithelium, 
which  is,  however^  the  same  as  that  of  the  ordinary  surface  of 
the  anterior  part  of  tlie  mid-gut.  It  is  formed  of  one  layer  of 
cylinder  cells,  but  there  are  at  least  two  layers  of  nuclei  observ- 
able (iig.  11).  The  nuclei  of  the  lower  layer  are  those  of  young 
cells  destined  to  replace  the  cast-off  or  waste  cells  above  them. 
The  superficial  cells  have  granular  contents,  often  holding  also 
fatty  particles,  and  they  possess  a  hyaline  peripheral  wall  sur- 
mounted by  a  short  fringe  of  cilia.  The  latter  are  to  be 
observed  only  in  carefully  preserved  material,  and  then  they 
present  very  often  the  appearance  of  a  coat  of  mucus  on  the 
ends  of  the  cells.     Goblet  cells  are  not  common. 

In  Amia  a  somewhat  different  appearance  is  presented  by  a 
transverse  section  of  the  anterior  part  of  the  mid-gut.  Here  the 
tubules  densely  crowding  the  mucosa  are  very  much  elougated, 
rarely  branch,  and  radiate  straight  outward  from  the  epithelial 
surfaca  These,  as  well  as  the  epithelium,  are  constituted  of 
short  cylinder  cells  resting  on  four  or  five  layers  of  nuclei. 
The  cylinder  cells  are,  apparently  all  of  them,  closed  peri- 
pherally, and  are  fringed  with  strong  cilia.  It  is  impossible 
to  trace  in  hardened  preparations  the  outlines  of  the  cells  for 
more  than  a  third  of  the  depth  of  the  epithelial  stratum,  the 
cause  of  this  difficulty  being  the  granulation  and  the  extreme 
abundauce  of  nuclei  which  are  no  doubt  those  of  young 
cells. 


620  MR  A.   B.   MACALLUM. 

The  adenoid  tissue  of  the  mucosa  is  very  scanty  between  the 
tubules,  this  being  specially  the  case  in  Amia, 

In  Lepidodeus  the  tubules  of  the  mid-gut  are^  in  my  prepar- 
ations, but  wide-mouthed  pouches  clothed  with  cylinder  cells, 
having  only  one  series  of  nuclei.  The  cells  are  longer  and 
slenderer  than  in  Adpenser  and  Amia,  with  delicate,  often  not 
detectable,  cilia.  Goblet  cells  are  common ;  they  occur  very 
often  in  an  exhausted  condition;  the  body  of  the  cylinder  is 
more  slender  than  usual,  a  small  portion  of  the  peripheral  end 
remaining  swollen  and  containing  mucigen. 

The  histological  relations  of  the  median  portion  of  the  mid-gut 
in  A7nia  and  Adpenser  are  the  same  as  those  of  the  anterior 
portion.  In  the  section  containing  the  spiral  valve  in  both 
genera,  the  epithelium  is  different  in  some  respects,  and  the 
tubules  fewer  and  shorter,  while  the  adenoid  tissue  of  the 
mucosa  is  more  abundant.  Goblet  cells  are  more  common,  and 
the  cylinder  cells  larger  and  more  granul&r  in  their  contents, 
the  cilia  also  being  longer  and  thicker. 

In  Adpenser  the  epithelium  of  the  spiral  valve  is  constituted, 
one-third  at  least,  of  goblet  cells.  The  cylinder  cells  are  very 
much  elongated,  and  if  observed  in  fresh  condition  they  usually 
appear  charged  with  fatty  granules.  Their  peripheral  ends  are 
closed  by  a  hyaline  wall,  covering  which  is  a  long  brush  of 
cilia  1  (fig.  13). 

Many  of  these  cells,  when  isolated  carefully  after  maceration, 
show  very  fine  processes  which  are  sometimes  dendritic  at  their 
terminations.  The  fact  that  the  processes,  more  frequently 
appear  to  be  divided  than  is  the  case  with  other  epithelium  of 
the  alimentary  tract,  may  be  due  to  the  greater  ease  with  which 
they  are  isolated  from  the  fibrous  tissue  of  the  mucosa,  without 
injury  or  breakage.  The  outer  halves  of  the  goblet  cells  are 
much  inflated.  Their  transformed  contents  are  very  granular, 
and  project  beyond  the  epithelial  border  in  the  form  of  a 
stopper. 

In  Amia  and  Lepidosteus  the  epithelium  of  the  spiral  valve 
does  not  differ  from  that  of  the  neighbouring  intestinal  wall. 

^  According  to  F.  £.  Schulze  these  cells  are  provided  with  striated  onter  borders. 
It  is  possible  that  what  was  taken  by  this  observer  for  a  striation  was  in  reality 
a  fringe  of  cilia.  I  have  been  unable  to  find  the  original  description  by  Schulze, 
and  only  saw  a  reference  made  by  Edinger  to  it 
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In  Adpenser  the  tubules  of  the  spiral  valve  are  comparatively 
few  in  number  and  usually  very  short  The  majority  of  them 
are  but  shallow  insinkings  of  the  epithelium,  and  in  all  of  these 
goblet  cells  are  very  numerous.  There  are  others,  however, 
which  differ  somewhat  from  them,  although  a  farther  study  of 
fresh  material  may  show  both  forms  to  completely  resemble  odc 
another.  Such  tubules,  of  which  but  very  few  were  seen,  open 
into  shallow  pouches  of  the  epithelium,  and  being  much 
elongated  they  sometimes  reach  through  half  the  thickness  of 
the  valve.  They  lack  goblet  cells.  The  fringe  of  cilia  is 
much  shorter  and  finer  than  that  of  the  ordinary  epithelium. 
Whether  these  structures  are  the  representatives  of  the  tubules 
in  the  anterior  paH  of  the  mid-gut  and  in  the  neighbouriug 
intestinal  wall  I  do  not  know.  They  are  probably  derived  from 
the  latter,  and  if  the  present  description  of  them  is  correct  they 
form  a  class  of  structures  which  are  unique  in  themselves,  anl 
in  all  likelihood  perform  the  functions  of  the  Lieberkiibnian 
glands  in  higher  vertebrates.  In  Amia  I  have  not  found  similar 
structures  on  the  spiral  valve,  the  tubules  and  crypts  of  which 
are  alike  in  every  respect  to  those  found  on  the  ordinary 
intestinal  wall. 

In  the  axis  of  the  spiral  valve  in  Adpenser  and  Amia  there  is 
present  a  large  quantity  of  unstriated  muscular  fibre,  which  ia 
the  last-named  genus  is  aggregated  into  a  single  bundle.  In 
Adpenser  there  are  several  bundles,  arranged  irregularly  in 
direction  and  position.  In  vertical  sections  of  the  valve  they 
sometimes  appear  separated  by  large  lacunar  spaces,  which 
probably  are  the  parts  of  lymph  channels.  At  other  times  a 
muscular  bundle  appears  almost  surrounded  by  a  closed  follicle 
filled  with  leucocytes.  In  every  case  the  bundles  are  distinctly 
marked  off  from  the  adenoid  tissue  of  the  mucosa.  Scattered 
so  irregularly  as  they  are  through  the  valve,  it  is  almost  im- 
possible to  conceive  that  they  represent  excerisively  developed 
portions  of  the  muscularis  mucosae. 

Lymph  follicles  are  very  abundant  in  the  spiral  valve  of 
Adpenser,  as  many  as  seventeen  having  been  counted  in  a  single 
vertical  section.  They  are  usually  round  or  oval  in  shape  when 
near  the  epithelium,  but  of  irregular  form  when  nearer  the  centre 
of  the  valve,  and  always  of  varying  size.    When  very  numerous 
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tlie  valve  appears  to  be  made  up  io  bulk  almost  wholly  of  them. 
Sometimes  they  are  placed  so  near  to  the  epithelium  that  the 
latter  appears  to  rest  immediately  on  them.  Around  each 
follicle  ordinarily  the  connective  tissue  is  collected  into  a  dense 
sheath^  in  which  one  can  observe  a  number  of  corpuscles 
(Gg.  14).  The  structure  of  the  interior  of  the  follicle  can  be 
made  out  only  after  the  greater  number  of  its  cellular  elements 
are  removed,  and  this  is  accomplished  by  well  agitating  a  thin 
section  of  the  valve  in  water.  Then,  when  stained,  the  close 
fibrillar  network  comes  out  clearly  in  the  interior  of  the  follicle, 
which  still  contains  a  few  lymph  corpuscles  in  the  meshes  of 
this  network.  At  the  same  time,  too,  there  can  be  seen  in 
transverse  section  a  large  number  of  arterioles  scattered  over 
the  field  of  the  follicle. 

Hyrtl  ^  observed  in  the  axis  of  the  spiral  valve  in  Acipenser 
ruthenus  a  large  compact  lymphoid  organ,  which  he  considered  to 
be  homologous  with  a  similarly  situated  structure  in  Lepidosiren. 
Ayers  ^  has  found  lymphoid  capsules  in  the  same  species,  and 
has  given  a  figure  of  a  vertical  section  of  the  valve  to  compare 
as  to  these  capsules  with  one  of  the  valve  in  Lepidosiren.  They 
are  undoubtedly  homologous  structures,  although  the  anterior 
part  of  the  organ  in  Lepidosiren,  found  outside  the  intestine,  is 
lacking  in  Acipenser.  A  compact  organ  such  as  Hyrtl  observed 
does  not  exist  in  Acipenser  rubicundus,  in  which  lymphoid 
follicles  are  more  highly  developed  than  in  the  species  used  by 
these  authors  for  investigation. 

Scattered  collections  of  lymph  corpuscles  are  very  common  in 
the  various  parts  of  the  intestinal  tract  in  fishes,  and  as  such 
they  simply  represent  an  overloading  of  the  adenoid  tissue  of  the 
mucosa  and  submucosa  with  these  structures,  the  limits  of  the 
deposit  being  rarely  sharply  definable.  A  compact  lymph  organ 
has  been  observed  in  the  oesophagus  of  some  Selachians,  and, 
according  to  Edinger,^  who  has  given  the  most  detailed  account 
of  it,  it  possesses  a  capsule  of  connective  tissue,  from  which 
trabeculae  of  fibrils  penetrating  the  interior  divide  and  redivide, 

*  "Lepidosiren  paradoxa,"  AhTvaifid.  der  hbhm  Oesell.  der  Wiss.,  1846.  I  have 
had  no  opportunity  for  consulting  this  work,  but  found  a  quotation  made  by 
Ayers  from  it,  which  contains  the  view  referred  to. 

•  **Beitrage  zur  Anat.  and  Phys.  der  Dipnoer,"  Jaiaischc  ZeiLy  13d.  xviii. 
»  Op.  cU. 
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cells  similar  to  those  of  lymph  being  enclosed  in  the  meshes 
thus  formed.  It  would  seem,  from  the  descriptions  of  this  and 
other  authors,  to  be  constant  in  presence  and  position,  and  it 
cannot  therefore  be  one  of  those  accidental  infiltrations  of  the 
tissue  with  leucocytes  which  are  so  commonly  found  in  every 
part  of  the  intestine.  It  appears  then  that  structures  which 
may  be  correctly  termed  lymph  follicles  are  to  be  found  in  the 
intestinal  tracts  oE  Acipenser,  Dipnoi,  and  some  Selachians  only 
among  fishes.  Further  research  may,  however,  correct  or  extend 
this  list. 

In  Acipenser  the  lymph  follicles  of  the  spiral  valve  are  the 
representatives  of  the  closed  follicles  forming  the  Peyer's  patches 
in  the  higher  vertebrates.  They  can  usually  be  seen  by  the  help 
of  a  magnifying  hand-glass,  as  minute,  whilst  spots  unequally 
distributed  in  the  valve,  which  has,  contrasted  with  them,  a  dull 
white  colour.  At  some  points  they  are  so  densely  crowded 
tc»gether  as  to  form  an  almost  complete  resemblance  to  a  Payer's 
patch. 

The  remaining  part  of  the  mucosa  in  the  neighbourhood  of 
the  spiral  valve  in  Acipenser  and  Amia  is  loaded  with  lymph 
corpuscles,  although  not  nearly  to  the  same  extent  as  the  follicles 
of  the  former. 

End-Gut. 

The  relative  lengths  of  this  part  of  the  intestine  in  Acipenser 
and  Aviia  have  been  given  above. 

lu  some  specimens  of  Acipenser  there  was  practically  no  end- 
gut,  the  last  turn  of  the  spiral  valve  extending  to  the  anal  aperture. 
Where,  however,  it  acquires  any  length,  the  mucosa  covering  it 
is  either  smooth  or  thrown  into  slender  longitudinal  folds,  and 
is  sometimes  provided  with  minute  crypts.  The  epithelium 
consists  of  cylinder  and  goblet  cells,  which  gradually  shorten  to 
cubical  cells,  and  at  the  vent  to  flattened  cells,  forming  several 
layers  in  thickness.  Anteriorly  the  cylinder  cells  bear  a  short 
fringe  of  cilia. 

In  Amia  the  inner  surface  of  the  end-gut  is  folded  longi- 
tudinally; sometimes  it  is  smooth  and  provided  with  crypts. 
When  the  epithelium  is  removed  by  maceration,  the  surface  has 
a   reticulated  appearance.    The  epithelium  consists  of  ciliated 
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cyliuder  cells  with  a  few  goblet  cells.  It  undergoes  a  gradual 
decrease  in  height  towards  the  vent. 

In  Lepidosleus  the  epithelium  is  of  the  character  of  that  of  the 
mid-gut,  but  the  cilia  are  thicker  and  longer.  At  the  vent  the 
cells  become  cubical,  which  form  gives  no  evidence  of  the 
possession  of  cilia. 

I  have  observed  in  Lepidosleus  the  mesentery  which  connects 
the  end-gut  with  the  ventral  wall  of  the  peritoneal  cavity,  and 
which  was  discovered  and  described  by  Balfour  and  Parker.^ 

The  Pyloric  Appendage. 

The  pyloric  appendage  in  Acipenser  and  Lepidosteus  diffei-s 
from  similarly  situated  organs  in  other  fishes,  in  that  it  is  a 
compound  structure  with  its  pouches  communicating  with  the 
intestinal  cavity  by  a  common  duct,  whereas  in  the  great 
majority  of  fishes  each  pouch  opens  singly  into  the  mid-gut. 
The  latter  arrangement  is  the  primitive  one ;  it  can  be  seen  in 
very  young  Lepidostei,  in  which  the  ca^ca  arise  as  isolated  out- 
growths of  the  intestinal  wall,  and  assume  later  a  common  duct, 
this  being  the  manner  of  development  in  the  Sturgeon  also, 
according  to  Balfour.^ 

In  AcipeTiscr  the  organ  is  flattened  on  its  inferior  face,  and 
appears  uniform.  The  duct  opens  on  the  left  side  of  the  mid- 
gut, about  a  centimetre  from  the  pyloric  valve.  It  is  of  such  a 
dimension  in  very  large  Sturgeons  as  to  permit  readily  the  intro- 
duction of  the  index  finger  into  it  for  some  distance,  but  in 
Sturgeon  of  ordinary  size  it  is  of  the  diameter  of  a  goose^quill. 
Ten  to  twenty  cseca,  arranged  in  a  radiate  fashion,  open  into  it  at 
a  distance  of  a  centimetre  or  so  from  its  intestinal  aperture,  all 
the  cseca  being  enclosed  in  a  common  sheath  of  muscular  and 
connective  tissue.  The  mucosa  of  the  duct  and  ca3ca  is  arranged 
in  folds,  crypts,  and  tubules,  in  much  the  same  way  as  it  is  in 
the  mid-gut  When  denuded  of  its  epithelium  it  appears 
possessed  of  the  same  characteristic  network  of  the  subepithelial 
tissues. 

In  a  thin  vertical  section  of  the  appendage,  placed  under  the 
microscope,  the  structure  of  the  mucosa  is  seen  to  differ  un- 

*  Op,  cit, 

'  Comparaiivc  Emhryologyy  vol.  ii.  p.  632. 
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essentially  from  that  of  the  mid-gat.  The  epithelium  possesses 
more  nuclear  layers,  the  cilia  are  shorter,  the  cylinder  cells 
slightly  larger,  and  the  goblet  cells  more  extended  than  in  the 
intestine.  The  connective  tissue  between  the  tubules  is  very 
abundant,  and  at  various  points  in  it  there  are  collections  of 
leucocytes. 

The  two  muscular  layers  of  the  mid-gut  are  extended  over  the 
duct  and  cieca  of  the  organ,  but  on  the  latter  are  arranged 
obliquely  with  regard  to  each  other. 

In  Lepidosteus  the  organ  appears  more  lobed,  and  presents  the 
shape  of  a  bean  in  young  forms,  in  which  it  ext-ends  over  the 
inferior  face  of  the  gall  bladder  and  pancreas  for  some  distance. 
Its  lobes  or  caeca  are  very  numerous,  the  common  duct  into 
which  they  lead  opening  into  the  mid-gut  immediately  behind 
the  pyloric  valve.  The  epithelial  lining  of  both  duct  and  cteca 
is  of  exactly  the  same  character  as  that  of  the  mid-gut. 

In  Amia  there  is  no  pyloric  appendage. 

Various  theories  have  been  put  forward  as  to  the  function  of 
these  organs.  The  earliest  opinion,  and  one  for  a  time  generally 
adopted,  was  that  they  act  collectively  as  a  pancreas  in  the 
absence  of  the  latter  organ.  Whatever  support  this  view  had 
was  taken  from  it  when  it  was  shown  that  pyloric  cseca  and  a 
pancreas  may  consist  in  some  fishes,  notably  Lota. 

In  I860,  Mordecai^  advanced  the  view  that  these  organs 
collect  and  store  up  fluid  nutritious  matter,  which,  during  the 
passage  of  the  fish  to  its  spawning  ground,  is  absorbed  and 
utilised  to  repair  the  wasting  processes  of  the  body  in  the 
absence  of  ordinary  food.  His  observations  were  made  on 
Alom  prcestdbUis  {Clupea  sapidissima,  Wilson),  in  which  there 
are  from  sixty  to  one  hundred  separate  caeca,  and  these,  during 
the  ascent  of  a  river  by  the  fish,  were  found  distended  with  a 
brownish  mucus,  which  was  absent  ab  other  times  of  the  year. 
Mordecai  found  also  that  the  number  of  the  caeca  increase  with 
age,  and  that  in  Lahrax  and  Dioplites,  some  rudimentary  in 
younger  forms  are  functional  in  the  fully  adult. 

According  to  Edinger,^  the  caeca  serve  to  suck  up  the  liquid 

*  His  pamphlet  is  republished  in   the  Bufl.   U.S.  Fish  Cmnmissiony   1881, 
p.  227. 
-  Op,  cU. 
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and  digested  food  matter  as  it  escapes  from  the  stomach,  and 
absorb  it.  Wiedershebn^  also  adopts  this  view,  and  tries  to 
show  that  the  development  of  the  pyloric  appendages  stands  in 
inverse  relation  to  that  of  the  spiral  valve.  He  mentions  two 
instances  of  this:  Polyptems,  in  which  the  pyloric  appendage  is 
but  a  short  csecal  pouch,  while  the  spiral  valve  is  highly 
developed,  and  Lepidosteus,  which  has  a  well-developed  pyloric 
appendage,  but  no  spiral  valve.  This  view  of  Wiedersheim,  it 
must  be  said,  cannot  be  held  as  generally  correct,  even  when 
applied  to  the  Ganoid  fishes  alone,  for  in  Acipenserj  in  which 
the  caeca  being  provided  with  a  common  duct  is  an  evidence  of 
the  great  development  of  these  organs,  there  is  a  well-marked 
spiral  valve,  and  in  Amia,  in  which  the  spiral  valve  is  almost  as 
rudimentary  as  in  Lepidostetts,  there  are  no  pyloric  c^ca. 

Krukenberg  2  found  in  the  cajca  of  Adpenser  sturio  evidence 
of  the  presence  of  diastase,  pepsin,  and  trypsin.  In  other  fishes 
these  organs  gave  extracts  containing  one  or  more  of  the  same 
enzymes.  Krukenberg  is,  however,  inclined  to  believe,  after  a 
long  series  of  experiments,  that  the  pyloric  appendages  perform 
specially  the  function  of  absorption. 

According  to  Stirling's »  view,  these  organs  subserve  different 
functions  in  different  fishes,  being  absorptive  in  sopie,  and  in 
others  glandular,  secreting  trypsin  in  some  cases  in  important 
quantities. 

Blanchard*  found  that  the  extract  of  the  pyloric  caeca  in 
various  fishes  effects  the  transformation  of  boiled  starch  into 
grape  sugar,  and  that  when  boiled  white  of  egg  or  fibrin  is  added 
to  the  extract,  whether  this  is  alkaline,  acid,  or  neutral  in  its 
reaction,  peptones  are  formed.  He  believes  that  a  tryptic 
ferment  alone  is  present  to  accomplish  the  latter  result 

During  the  summer  of  last  year,  I  made  a  number  of  experi- 
ments with  extracts  of  the  pyloric  organ  in  AcipeTiser,  in  order 
to  determine  the  presence  of  the  enzymes,  which  Krukenbei^ 
affirms  he  found  there.  For  this  purpose  large  fish  were 
employed.  The  organ  after  its  removal  was  slit  open,  the 
mucous  matter  in  the  duct  and  caeca  quickly  washed  away,  to 

*  LchrJmch  der  Vergl.  Annt,,  p.  565. 

^  Kuhne's  Untersuehnnge^i^  Bd.  ii.,  1882. 

*  Journal  of  Anal,  and  Phys.,  vol.  xviii.  p.  426. 

*  Comptes  rendttSf  xcvi.  1241-1244. 
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remove  such  enzymes  as  might  have  gainsd  entrance  from  the 
intestine,  and  which  would  vitiate  the  result.  It  was  then  in 
some  cases  finely  minced,  and  in  this  condition  covered  with 
distilled  'water  in  a  flask  surrounded  by  ice  for  twenty-four 
hours ;  in  others  it  was  carefully  dried,  and  in  a  finely  divided 
state  extracted  at  a  temperature  of  35"  C,  with  a  0*2  per  cent, 
solution  of  hydrochloric  acid,  or  with  a  0*6  per  cent  solution  of 
sodic  carbonate.  With  extracts  made  with  distilled  water,  no 
conversion  of  starch  into  grape  sugar  could  be  obtained,  and  in 
no  case  could  the  presence  of  the  latter  substance  be  detected. 
Almost  always  an  emulsion  occurred  when  a  quantity  of  the 
extract  was  shaken  with  some  olive  oil  and  allowed  to  stand. 
From  the  acid  or  alkaline  extracts  of  the  finely  divided  organ 
I  was  unable  to  obtain  the  slightest  traces  of  digestion  when 
fibrin  or  boiled  white  of  egg  was  treated  with  them;  if,  however, 
the  organ  was  slightly  sponged,  instead  of  being  quickly  washed 
with  water,  traces  of  pepsin  and  trypsin  were  found,  but  no 
diastase,  although  grape  sugar  could  be  detected  in  very  slight 
c[uantities.  The  presence  of  trypsin  can  be  easily  explained  in 
this  case,  as  the  opening  of  the  pancreatic  duct  is  just  opposite 
that  of  the  pybric  organ,  and  in  the  first  contraction  of  the 
intestine  after  the  pancreatic  fluid  escapes  some  of  the  fluid 
must  find  its  way  into  the  duct  and  cseca,  even  if  it  does  not 
reach  them  by  any  other  means,  e.g,,  diffusion.  The  pepsin 
gains  access  in  like  manner  from  the  fluid  contents  of  the 
stomach,  immediately  after  passing  through  the  pyloric  orifice. 

The  dijGference  between  the  results  obtained  by  Erukenber^^ 
and  those  here  detailed,  as  to  the  presence  of  enzymes  in  the 
pyloric  appendage  of  Acipenser,  may  be  accounted  for  on  the 
ground  that  in  all  the  material  used  by  me  the  stomach  and 
intestine  were  completely  empty,  while  it  is  barely  possible  that 
it  may  have  been  otherwise  with  that  employed  by  £rukenber<r, 
since  enzymes  are  more  likely  to  be  present  in  detectable 
quantities  when  food  matter  is  in  the  intestinal  canal. 

Although  it  is  an  important  matter  to  establish  whether  the 
enzymes  referred  to  are  present  or  not  in  the  pyloric  cseca,  anri 
in  what  quantities,  yet  such  an  accomplishment  must  not  be 
allowed  to  decide  definitely  what  the  function  of  the  organs  is 
in  the  great  majority  of  fishes.    Pepsin  and  trypsin  may  be 
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normally  present  as  a  result  of  their  easy  diffusion,  as  is  some- 
times observed  in  organs  not  immediately  connected  with  the 
alimentary  canal  in  higher  vertebrates,  or  they  may  be  present 
as  the  result  of  the  active  secretion  of  the  cdBca.  That  such  a 
secretion  can  occur  and  does,  is  possible,  apart  from  the  fact 
that  in  certain  fishes,  e.g.,  in  the  cod,  according  to  Stirling,  the 
cieoa  are  provided  with  gland  structures  of  the  usual  form.  It 
is  true  that  the  caeca  are  lined  with  cylinder  cells  usually,  to 
which  there  has  not  yet  been  attributed  the  power  of  secreting 
either  pepsin  or  trypsin.  But  when  it  is  seen  that  the  long 
cylinder  cells  lining  the  intestinal  tract  and  the  so-called  liver 
in  Amphioxtos  must  secrete  whatever  enzymes  are  used  in  the 
digestion  of  the  food  swallowed,  one  is  compelled  to  ask,  Why 
should  not  a  somewhat  similar  epithelium  in  the  pyloric  caeca  of 
fishes  perfonn  a  like  function  ?  The  secretory  function  of  this 
epithelium,  as  Stirling  points  out,  does  not  exclude  that  of 
absorption,  this  also  being  exemplified  in  the  case  of  Amphuxais. 
We  see,  therefore,  that  it  is  not  easy  to  determine  definitely  the 
function  of  tliese  organs  in  all  fishes  ;  in  some,  absorption  may 
overshadow  secretion,  in  others,  the  reverse  may  occur,  while  in 
others  again,  the  two  functions  may  occur  in  equal  proportions. 
This  would  explain  the  contradictory  results  obtained  by 
different  observers  in  this  field  of  research. 

In  any  case,  it  is  fair  to  conclude  that  the  pyloric  caeca  are 
rudimentary  structures  once  actively  glandular.  They  are  in 
their  development  remarkably  similar  to  other  outgrowths  of 
the  intestinal  wall  in  their  immediate  neighbourhood,  i.e.,  the 
liver  and  pancreas.  It  seems  extremely  probable  that  at  one 
time  in  the  history  of  vertebrates  there  opened  into  the 
alimentary  canal,  which  had  a  simpler  form  than  it  now 
possesses,  a  large  number  of  pouch-like  diverticula,  and  that 
by  gradual  specialisation  of  some  of  these  arose  posteriorly 
the  liver  and  pancreas,  anteriorly  the  air  bladder,  and,  if  they 
are  not  homologous  with  the  latter,  the  lungs,  while  others 
retained  their  primitive  structure  and  arrangement,  persisting  as 
pyloric  caeca.  In  consequence  of  this  specialisation,  all  the 
functions,  such  as  those  of  absorption  and  of  the  secretion  of 
enzymes,  possessed  by  the  original  caeca,  would  necessarily  be 
retained  in  an  impaired  degree  by  those  persisting  in  that  form. 
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It  i»  to  be  expected,  also,  that  the  digesting  principles  secreted 
by  the  cieca  partake  more  or  less  of  the  characters  of  those 
of  the  primitive  organs.  We  may  in  this  way  explain  the 
occurrence  of  sach  an  enzyme  as  Blanchard  found  in  the  pyloric 
appendages,  which  digests  in  an  alkaline,  acid,  or  nentral 
solution ;  this,  probably,  was  the  character  of  the  primitive 
seeretion,  not  only  of  these  organs,  but  of  the  whole  intestinal 
tract,  and  by  a  course  of  selection  operating  in  the  organs  and 
their  functions* the  secretion  came  in  the  course  of  time  to 
present  in  the  stomach  the  properties  of  pepsin,  in  the  pancreas 
those  of  trypsin.  We  have  then  a  clue  to  an  explanation  of 
the  supposed  presence  of  both  enzymes  in  the  pyloric  caeca ; 
one  enzyme  in  reality  is  present,  which  digests  fibrin  in  an 
alkaline  or  an  acid  solution,  and  which  partakes  of  the 
characters  of  both  pepsin  and  trypsin. 

The  Pancreas. 

It  is  over  half  a  century  since  the  first  observation  on 
the  pancreas  of  fishes  was  published,  and  it  is  only  twelve 
years  ago  that  the  presence  of  such  an  organ  was  demonstrated 
to  be  general  in  this  class.  To  Legouis  belongs  the  honour  of 
having  accomplished  the  latter  task. 

This  observer  ^  has  given  a  full  history  of  the  researches  of  the 
various  anatomists  on  the  subject,  and  on  this  account  further 
reference  to  the  general  literature  bearing  on  it  may  be  avoided. 
With  regard,  however,  to  that  treating  of  the  pancreas  of  Ganoid 
fishes  a  few  words  here  are  necessary. 

In  1833  Alessandriui  ^  discovered  a  pancreas  in  the  Sturgeon. 
After  a  number  of  anatomists  had  failed  to  confirm  this  dis- 
covery, Leydig^  recognised  the  accuracy  of  Alessandrini's 
description,  and,  what  the  latter  had  not  done,  gave  a  short 
account  of  the  histological  structure  of  the  organ. 

Alessandrini's  and  Leydig^s  statements  have  not  been  confirmed 
by  the  researches  of  a  third  observer  up  to  the  present  date. 
Wiedersheim  *■  describes  as  the  pancreas  an  organ  extending  from 

^  Anri,  des  Sciences  NaL^  1878. 

'  Ann,  des  Sciences  NaLy  t.  zzix.,  1833;  also  Acad.  Scien,  Inst,,  Bonon,  1835, 
torn.  ii. 

*  Untersuch,  iiber  Fische  und  Iteptilen,  Berlin,  1858, 

*  Lehrbtich  der  Vergleieh,  Anat.,  p.  605. 
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the  pyloric  appendage  down  the  left  side  of  the  anterior  portion 
of  the  mid-gut,  while  Krukenberg^  found  no  organ  specially 
performing  the  function  of  a  pancreas,  and  he  maintains  that 
the  organ  of  Wiedersheim,  which  he  regards  as  the  spleen,  is 
neutral  as  to  digestion,  its  extracts  having  no  action  whatsoever. 
Ayers  ^  has  given  a  figure  of  a  section  of  the  supposed  pancreas, 
and  he  recognises  it  as  constituted  of  lymphoid  tissue. 

No  reference  has  hitherto  been  made  in  the  literature  to  the 
occurrence  of  a  pancreas  in  Amia. 

In  Lepid^etis  Balfour  and  Parker  ^  found  a  pancreas  in  young 
forms,  it  being  situated,  according  to  their  description,  behind 
the  liver  in  the  loop  of  the  pyloric  section  of  the  stomach. 
They  found  also  that  it  arises  in  the  embryo  in  the  same 
manner  as  in  other  vertebrates,  and  that  late  in  larval  life  it 
envelops  the  anterior  section  of  the  bile-duct.  In  the  fully 
adult  Lepidosteus  they  observed  a  small,  apparently  glandular, 
mass  connected  with  the  bile-duct,  and  occupying  a  position 
similar  to  that  of  the  pancreas  in  the  larva.  They  were  unable 
to  decide  on  its  nature,  as  its  poor  preservation  did  not  permit  a 
histological  examination. 

In  Acipenser,  the  organ  considered  by  Wiedersheim  to  be  the 
pancreas  is  really  the  spleen,  as  a  careful  study  of  its  histology 
will  show. 

The  true  pancreas  in  this  fish  is  a  disseminated  one,  i,e.,  its 
tissue  is  not  localised,  but  variously  extended  throughout  the 
the  right  half  of  the  peritoneal  cavity.  It  occupies  on  the  whole 
the  position  described  by  Alessandrini  and  Leydig.  Its  tubules 
and  ductlets  entwine  about  the  branches  of  a  blood-vessel 
(arteria  codiaw-mesenterica),  which  it  accompanies  down  the 
valvate  portion  of  the  intestine,  on  the  median  and  anterior 
portions,  and  into  the  liver  (6g.  16).  It  was  in  sections  of  the 
last-named  organ  that  I  found  it  first.  It  is  more  disseminated  in 
some  specimens  of  Acipenser  than  in  others ;  for  example,  in  one 
I  found  that  it  extended  8  cm.  down  the  length  of  the  valvate 
portion  of  the  mid-gut,  while  usually  the  distance  extended  is 
only  about   3  cm.     The  greater  bulk  of   the  organ  is  found 

^  KiihDe's  UiiUr,nichutigen,  Bd.  i.  and  ii. 

*  Jenaische  Zeitschrift.t  Bd.  xviii.  p.  479,  taf.  xvii.  fig.  52. 

*  PhiL  Trans.,  1882,  pt.  i.  p.  369. 
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between  the  liver  and  the  bocoiicI  bend  of  the  mid-gut  on  the 
right  side,  and  is  easily  detectable  from  the  thickness  of  the 
walls  of  the  blood-vessel  referred  to,  consequent  on  the  pancreatic 
tissue  enveloping  them.  As  a  branch  of  this  artery  enters  the 
accessory  spleen  (fig.  16,  asp),  vertical  sections  of  the  latter 
organ  sometimes  betray  the  presence  of  the  pancreatic  tubules. 

The  serosa  covering  the  pancreatic  tissue  and  the  vessels  has 
usually  a  dark  colour,  sometimes  perfectly  black,  owing  to  the 
presence  of  a  large  number  of  pigment  cells. 

The  portions  of  the  pancreas  which  are  attached  to  the  intes- 
tinal walls  are  always  closely  applied  to  the  latter  and  included 
within  the  serosa. 

The  pancreatic  duct  opens  into  the  mid-gut  on  the  dorsal  side; 
its  aperture  and  that  of  the  bile  duct  being  found  on  a  prominent 
papilla  on  the  inner  intestinal  surface,  not  more  than  half  a 
centimetre  usually  from  the  tip  of  tlie  pyloric  valve.  I  have 
never  succeeded  in  injecting  the  pancreatic  duct  with  coloured 
fluids  so  as  to  show  its  course.  It  is  easily  distinguishable  from 
the  bile  duct  by  the  greenish  tinge  which  the  latter  always  has. 

In  Adpenser  sturio  Alessandrini  found  the  bile  duct  and  the 
pancreatic  duct  to  open  on  separate  but  similar  papillae  on  the 
inner  wail  of  the  mid-gut,  that  on  which  the  opening  of  the 
pancreatic  duct  is  found  being  placed  more  than  2  cm.  from  the 
pyloric  valve.  I  cannot  find  this  to  be  the  case  in  Adpenser 
mbicundvs,  in  which,  by  snipping  off  the  point  of  the  single 
papillae  above  referred  to  and  spraying  the  stump  with  water, 
one  can  easily  see  the  two  apertures  placed  side  by  side  on  it. 

In  Amia  the  pancreas  is  disseminated  in  a  manner  similar  to 
what  it  is  in  Adpenser.  A  part  of  it  is  found  adherent  to  the 
extreme  anterior  end  uf  the  mid-gut  (fig.  10,  pn),  but  a  greater 
part  envelops  the  larger  branches  of  the  portal  vein  in  the 
interior  of  the  liver.  It  forms  a  large  portion  of  the  bridge 
between  the  right  and  left  hepatic  lobes,  and  it  covers,  to  a 
certain  extent,  the  arch  of  the  bile  duct. 

The  pancreatic  duct  is  here  also  hard  to  trace.  I  did  this, 
however,  in  a  young  Ainia  of  about  6  cm.  in  length,  by  means 
of  a  series  of  vertical  sections  made  by  Professor  Ramsay  Wright, 
who  was  the  first  to  observe  the  presence  of  a  pancreas  in  this 
fish.    A  careful  dissection  of  the  tissues  Hbout  the  bile  duct  in 
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the  adult  gave  the  same  result  as  the  study  of  the  series  of 
sections.  The  pancreatic  duct  is  much  narrower  in  diameter 
than  the  bile  duct,  to  which  it  in  nearly  parallel,  and  near  the 
intestinal  wall  they  both  have  a  common  investment  of  con- 
nective tissue,  the  one  thereby  appearing  to  open  into  the  other. 
They  remain  completely  separate,  and  their  apertures  are  to  be 
found  on  the  apex  of  a  slender  papilla  placed  about  1*5  cm.  from 
the  pyloric  valve.  The  course  of  the  two  ducts  is  from  before 
backward,  almost  in  a  line  with  the  anterior  part  of  the  mid- 
gut 

In  Lepidosteus  the  pancreas  is  not  so  widely  disseminated  as 
in  cither  Adpenser  or  Amia,  It  envelops  the  portal  vein  as  it 
runs  along  partially  sunken  in  the  dorsal  face  of  the  liver,  in  the 
posterior  third  of  this  organ,  while  it  reaches  behind  accompany- 
ing the  same  vein  to  a  point  opposite  the  posterior  extremity 
of  the  pyloric  appendage  (fig.  1,  P).  Some  of  its  tubules  are 
adjacent  to  the  superior  face  of  the  gall  bladder,  others  twining 
about  the  bile  duct  for  some  distance.  In  the  liver  the  tubules 
radiate  frequently  out  from  the  vicinity  of  the  portal  vein 
between  the  hepatic  lobules.  Both  the  bile  duct  and  that  of  the 
pancreas  run  side  by  side  backward  to  the  mid-gut,  the  pan- 
creatic duct  being  placed  on  the  gastric  side  of  the  other. 
Adjacent  to  the  wall  of  the  mid-gut  the  two  ducts  become  fused. 
In  a  transverse  section  of  this  part  of  the  body  it  is  possible  to 
distinguish  this  common  duct  from  a  pyloric  ceecum  only  by 
tracing  it  from  behind  forwards,  since  the  histological  structure 
of  both  near  their  termination  in  the  intestine  are  alike  in  every 
particular.  Opposite  the  pyloric  appendage,  and  above  the 
pylorus,  is  a  small  quantity  of  lymphoid  tissue,  which,  though  it 
contains  a  few  tubules  of  the  pancreas,  is  not  the  latter  organ, 
as  Balfour  and  Parker  suppose.  This,  usually  as  large  in 
vertical  section  as  the  mid-gut,  and,  traversed  by  the  portal  vein, 
seems  to  be  an  accessory  spleen,  the  pancreatic  tissue  forming 
but  a  very  small  part  of  it 

I  have  not  had  au  opportunity  of  studying  sections  of  the 
liver  of  an  adult  Lepidosteus,  but  I  have  no  hesitation  in  saying 
that  such  sections,  if  taken  through  the  posterior  third  of  the 
organ,  would  show  well-developed  pancreatic  tissue  surrounding 
some  of  the  larger  vascular  channels  near  the  dorsal  surface,  and 
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that  the  pancreas  in  this  fish  is  not  inferior,  structurally  and 
functionally,  to  what  it  is  in  either  Acipenser  or  Amia, 

With  regard  to  the  finer  histology  of  the  pancreas  in  the 
three  genera  a  short  description  only  can  be  given  here,  as  the 
quantity  of  material  at  my  disposal  did  not  allow  very  varied 
methods  of  preparation. 

In  Adpenser  the  structure  is  very  much  as  in  the  higher 
vertebrates.  In  the  necks  of  the  tubules,  which  may  also  be 
termed  the  intermediary  canals  of  the  alveoli,  the  lining 
epithelium  is  constituted  of  cubical  cells.  In  the  alveolar 
portions  the  cells  are  large,  the  nuclei  distinct  and  arranged  in 
the  peripheral  halves  of  the  cells,  while  the  central  halves  are 
filled  with  granules.  In  my  preparations  the  nucleus  may  be 
said  to  be  the  only  part  of  the  cell  which  stains  in  carmine  or 
hematoxylin,  as  it  is  rare  that  the  protoplasm  in  the  immediate 
vicinity  of  the  nucleus  takes  any  tint  at  all.  The  alveolar 
lumen  is  usually  distinct  and  of  a  zigzag  course.  Transverse 
sections  of  the  tubule  in  its  various  parts  exhibit  the  usual 
characteristic  appearances. 

Among  the  cells  and  in  the  lumen  of  each  alveolus,  there  are 
other  cellular  elements,  which  are  noticeable  at  first  sight  on 
account  of  the  deep  and  nearly  uniform  staining  which  they  take, 
and  also  on  account  of  their  varied  shape,  sometimes  oval  or 
polyhedral,  and  sometimes  amoeboid.  Granules  are  lacking,  the 
protoplasm  appears  clear,  and  no  reticulation  was  observable  in 
it.  The  nuclei  always  stain  much  more  deeply  than  those  of 
the  ordinary  cells  of  the  alveoli.  The  cells  are  oftenest  to  be 
found  in  the  lumen,  and  then  they  appear  sometimes  to  send  out 
processes  between  the  gland  cells  (fig.  17,  C).  They  are,  I  think, 
remarkably  similar  to  the  centro-acinar  cells  of  Langerhans.  I 
have  never  met  with  these  structures  in  any  other  fish. 

The  arrangement  of  the  tubules  about  a  branch  of  the  arteria 
cosHaco-inesenterica  is  indicated  in  fig.  17,  A.  Trabeculse  of 
connective  tissue  radiate  outward  between  the  tubules  to  the 
serosa,  the  latter  possessing  a  large  number  of  pigment  cells,  to 
which  the  dark  colour  commonly  associated  with  the  pancreas  in 
this  fish  is  due. 

In  Amia  the  pancreatic  tubules  imbedded  in  the  liver  are 
twined  about  the  larger  branches  of  the  interlobular  veins  in  the 
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manner  represented  in  Kg.  18.  The  connective  tissue  of  the 
interlobular  septa  run  between  and  separate  the  neighbouring 
tubules,  which  in  a  vertical  section  of  the  liver  appear  cut  in 
various  directions,  oftener  longitudinally.  The  cells  of  the 
aveoli  are,  in  their  central  portions  at  least,  crowded  with 
granules,  and  stain  very  feebly  apart  from  their  nuclei.  Near 
the  lumen  the  limits  of  the  cells  are  indistinct,  owing  to  the 
quantity  of  granules  present  The  lumen  sometimes  is,  and 
sometimes  is  not,  visible. 

In  Lepidosteus  an  alveolar  and  an  intermediary  portion  can  be 
distinguished  in  each  pancreatic  tubule. 

• 

The  pancreas  would  appear  to  be  rudimentary  or  absent  in 
but  very  few  fishes.  There  are  conditions  when  such  an  organ 
seems  to  be  useless,  and  these  are  found  in  small  fishes  only, 
such  as  some  of  the  Cyprinoids,  in  which  digestion  by  the  stomach 
alone  prepares  enough  of  nutritious  materiar  for.  absorption  to 
satisfy  the  demands  of  the  organism,  and  in  which  the  mid-gut 
does  not  serve  to  submit  the  food  matters  escaping  from  the 
gastric  cavity  to  a  second  digestive  process  but  to  a  further 
absorption.  No  such  reason  can  be  advanced  for  the  supposed 
absence  of  the  pancreas  in  large,  fishes.  Its  presence  is  so 
disguised  in  many  forms  that  one  finds  it  impossible  to  decide 
definitely  whether  it  is  absent  in  others.  In  Ganoids,  as  above 
described,  it  is  partially  imbedded  in  the  liver,  in  some  Siluroids  ^ 
completely  so.  Why  may  it  not  be  connected  in  a  like  manner 
with  the  liver  in  other  forms  In  which  it  is  now  supposed  to  be 
absent  ?  That  this  is  frequently  the  case  is  probable  from  the 
occurrence  of  trypsin  in  the  extracts  of  the  liver  of  various  fishes, 
as  shown  by  Erukenbei^.  The  liver  and  pancreas  thus  fused 
into  one  organ  can  of  course  in  no  case  be  considered  as  a 
hepato-pancreas. 

'  In  Amiurus  the  pancreas  in  imbedded  in  the  interior  of  the  liver,  its  tubules 
being  entwined  about  the  interlobular  veins,  (see  Proceedings  Catiad,  Inst., 
Toronto,  new  series,  vol.  ii.  No.  3). 
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EXPLANATION  OF  PLATE  XX. 

Fig  L  The  alimentary  canal  and  pancreas  of  Lepidodeum,  from  a 
specimen  measuring  10  cm.  a,  oesophagus ;  h,  the  commencement  of 
the  stomach  anteriorly;  c,  the  pylorus;  6,  the  anterior  or  duodenal 
section  of  the  mid-gut;  /,  the  posterior,  or  valvate,  section  of  the 
same ;  cUy  the  hind-gut ;  apy  the  pyloric  appendage ;  p,  the  pancreas. 
(Keduced.) 

Fig.  2.  A  longitudinal  section  of  one  of  the  papillae  of  the  so-called 
oesophagus  in  Acipenser. 

Fig.  3.  An  oblique  section  of  a  dilated  sac  from  the  oesophagus  of 
Aci2)e7i8er, 

Fig.  4.  A  transverse  section  of  a  dilated  sac  from  the  oesophagus  of 
Ajuia. 

Fig.  6,  A  tubule  from  the  mouth  of  the  air-duct  in  Amia, 

Fig.  6.  A  vertical  section  of  a  fold  of  the  mucosa  of  the  oesophagus 
of  Lepid()steii8y  showing  ciliated  epithelium  and  dilated  sacs. 

Fig.  7.  Two  glands  from  near  the  posterior  part  of  the  cardia  in 
Acipenser. 

Fig.  8.  A  gland  from  the  cardia  of  Amia,  a,  one  seen  in  trans- 
verse view. 

Fig.  9.  Part  of  a  mucous  gland  from  the  pylorus  of  Acipensei'. 

Fig.  10.  A  vertical  section  of  the  wall  of  the  anterior  part  of  the 
mid-gut  in  Amia.  priy  the  pancreas;  m,  the  mucosa;  z,  the  inner, 
o,  the  outer,  muscular  layer. 

Fig.  11.  Epithelium  of  a  crypt  of  the  mid-gut  in  Aclpemcr, 

Fig.  12.  Part  of  a  vertical  section  of  the  spiral  valve  in  AcipenseVy 
showing  the  short  pouches  of  the  epithelium,  and  the  mucosa  under- 
neath richly  laden  with  lymph  corpuscles. 

Fig  13.  Epithelium  of  the  same  section  more  highly  magnified,  a, 
a  young  epithelial  cell. 

Fig.  14.  A  section  of  a  lymph  follicle  from  the  spiral  valve  of 
Acipenser ;  the  greater  number  of  lymph  corpuscles  have  been  re- 
moved from  the  section  by  agitating  it  in  water. 

Fig.  15.  Epithelium  of  a  tubule  of  the  spiral  valve  of  A?nia, 

Fig.  16.  A  view  of  the  mid-gut  and  the  organs  attached  to  it  in 
Acipeiiser,  Apy  the  pyloric  appendage ;  spy  the  spleen ;  a,8py  the 
accessory  spleen ;  py  the  main  portion  of  the  pancreas  surrounding  a 
branch  of  the  artei'ia  cmJia^o-mesenteriea ;  p'y  p"^  pancreatic  tissue 
adhering  to  the  smaller  branches  of  this  vessel,  and  to  the  wall  of  the 
mid-gut ;  /,  the  liver,  the  course  of  the  pancreatic  tissue  in  which  is 
represented  by  dotted  lines  ;  m,  the  anterior  portion  of  the  mid-gut ; 
Vy  the  valvate  portion  of  the  same. 

Fig.  17.  Ay  Pl  section  of  a  branch  of  the  A,  codiaco-meseixtenca  in 
AcipenaeTy  with  pancreatic  tubules  surrounding  it,  a  portion  only  of 
these  being  represented  ;  By  a  part  of  one  of  the  tubules  more  highly 
magnified ;  (7,  a  transverse  view  of  one  of  the  tubules.  In  both  B  and 
C  the  centro-acinar  cells  have  a  darker  shading.  B  and  C  highly 
magnified. 
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Fig.  18.  From  a  vertical  section  of  the  liver  in  AiniOy  showing  the 
manner  in  which  the  pancreatic  tuhules  are  arranged  around  a  larger 
interlohular  vein  ;  pt\  one  of  the  tuhules  seen  in  transverse  section  ; 
vt,  an  interlohular  vein  filled  with  hlood-corpuscles. 

Fig.  19.  From  a  vertical  section  of  the  dorsal  face  of  the  posterior 
I>art  of  the  liver  in  LepidosteuSf  showing  the  arrangement  of  the 
pancreatic  tubules  pt  about  the  portal  vein  {f^)\  h,  liver  tissue;  b, 
the  bile  duct. 
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THE  NEURAL  SPINES  OF  THE  CERVICAL  VERTEBRA 
AS  A  RACE-CHARACTER.  By  D.  J.  Cunningham, 
M.D.  (Edin.  et  Dubl.),  Professor  of  Anatoiny  in  the 
University  of  Dublin, 

SiK  RiCHAKD  OwEN,^  Id  oqe  of  the  numerous  important  articles 
which  he  has  contributed  upon  the  Anatomy  of  the  Anthropoid 
Apes,  has  compared  the  vertebral  column  of  the  Gorilla,  Orang, 
and  Chimpanzee  with  that  of  several  of  the  diiferent  races  of 
man.  In  this  he  remarks  that "  in  the  skeleton  of  a  Boschismail, 
as  well  as  in  that  o(  the  female  Australian  in  the  Museum  of 
^  the  Royal  College  of  Surgeons,  the  spines  of  the  five  lower 

^  cervical  vertebrae  are  simple.'*    He  further  observes  that  the 

neural  spines  of  the  3rd  cervical  vertebra  in  a  male  Australian 
is  "  not  bifurcated  as  usually  in  Europesiins." 

Before  my  attention  was  drawn  to  these  observations  of  Sir 
Richard  Owen,  I  had  collected  statistics  regarding  the  condition 
**  of  the  neural  spines  of  the  cervical  vertebrae  in  a  number  of  the 

lower  races  of  man,  and,  as  these  extend  considerably  the  data 
recorded  on  this  subject,  I  have  thought  that  their  publication 
1  might  not  be  without  some  interest     It  will  generally  be  noticed 

that  in  low  races  the  cervical  neural  spines  are  relatively  shorter 
and  more  stunted  than  in  the  European.  More  especially  can 
this  be  observed  in  the  case  of  the  neural  spine  of  the  3rd 
cervical  vertebra.  This  condition  is  obviously  for  the  purpose 
f'  of  allowing  a  greater  freedom  of  movement  in  the  cervical 

'^  section  of  the  spine,  and  is  to  be  associated  with  other  peculi- 

I  arities  present  in  the  lumbar  region  of  the  low  races  which  give 

to  the  loin  segment  a  greater  flexibility  and  suppleness.^    But 

the  feature  which  especially  attracts  attention  is  the  condition  of 

k  the  extremities  of  the  cervical  neural  spines.     As  Owen  has 

pointed  out  in  the  case  of  the  Australian  and  Bushman,  the 
cervical  spines  in  the  low  races  are  as  a  rule  non-bifid  or  only 
very  slightly  so. 

^  **  Comparison  of  the  Lower  Jaw  and  Vertebral  Column  of  the   Troglodytes 
gorilla,  Troglodytes  niger,  and  PUhecus  satynis  and   Different  Varieties  of  the 
^  Human  Race,"  Trmis,  Zool,  Soc.,  1851,  vol.  iv. 

«   Fide  Nature,  Feb.  16,  1886,  **The  Lumbar  Curve,"  by  D.  J.  Cunningham. 
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With  the  view  of  determining  the  comparative  frequency  of 
this  character  in  the  different  races  of  man,  I  have  examined 
the  spines  of  15  Europeans,  7  Australians,  6  Negroes,  4 
Audamans,  3  Tasmanians,  1  Bushman,  and  2  Esquimaux,  and  in 
recording  the  results  which  I  have  obtained  I  must  give  expres- 
sion to  my  sense  of  the  deep  obligations  under  which  I  lie  to  Dr 
J.  G.  Garson  of  the  Royal  College  of  Surgeons  in  England,  and 
to  Professor  Macalister  of  Cambridge.  The  number  of  spines  of 
the  low  races  in  the  Trinity  College  Museum  were  too  few  in 
number  to  allow  of  me  carrying  out  this  investigation  in  Dublin, 
and  I  had  necessarily  to  ask  the  permission  of  these  gentlemen 
to  examine  the  specimens  under  their  charge.  This  was 
accorded  to  me  in  the  freest  manner  possible. 

The  spine  of  the  7th  cersrical  vertebra  is  never  bifid,  and 
that  of  the  6th  is  rarely  cleft  even  in  the  European.  In  the 
following  tables,  therefore,  the  condition  of  the  spines  of  the  2nd 
3rd,  4th,  and  5th  cervical  vertebras  is  alone  recorded.  It  will  be 
observed  that  the  spines  are  arranged  in  three  groups— (1)  the 
first  comprises  those  which  are  distinctly  bifid;  (2)  the  second 
includes  those  in  which  there  is  merely  an  indication  of  bifidity; 
and  (3)  the  third  those  which  show  no  trace  of  it  whatever. 

Condition  of  Neural  Spinea  of  Cei'vical  Vertebroi  in  Fifteen 

Europeans, 


Bifld. 

in 

10 
9 
9 

Feebly  Bifld. 

XonBifld. 

2iid  cervical  vertebra,  . 
3rd  cervical  vertebra,   . 
4th  cervical  veilebra,   . 
5th  crrvical  vertebra,   . 

•  •  • 

8 
4 
5 

•  •  • 

2 

1 

4 


Cimdition  of  Neural  S2nne»  of  Cervical  Verfel/rce  in  Seven 

Australians. 


Bifld. 

Feebly  Bifid.         Non-Bifid. 

2iid  cervical  vertebra,  . 
3rd  cervical  vertebra,   . 
4th  cervical  vertebra,  . 
5th  cervical  vertebra,  . 

2 

1 
2 

- 

•  ■ . 

•  • . 
2 
2 

. . . 
5 

4 
3 
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Condition  of  Neurcd  Spines  of  Cervical  Vertebrce  in  Three  Tarnianiantf, 


1 
Bifid.          1    Feebly  Bifid. 

* 
1 

Non-Blfld. 

( 

2iid  cervical  vertebra,  . 

3rd  cervical  vertebra,    . 
1  4  th  cervical  vertebra,   . 
1  5th  cervical  vertebni,   . 

3 

1 
1 

• »  •                      J                         X 

•  •  • 

2 

2 
2 

Condition  of  Neurcd  Spines  of  Cervical  Ve 

Bifid. 

rtebrie  in  Six  Negroes. 

Feebly  BIfld.          Non-Bifid. 

2nd  cervical  vertebra,     . 
3rd  cervical  vertebra, 
4th  cervical  vertebra,     . 
6th  cervical  vertebra,     . 

2 

1 

1 
1 

3 
2 

1 
2 

1 

1 

3           1 

4 

3 

Condition  of  Neural  Spines  of  Ceii^ical  Vertehne  m  Four  Andamans. 

BIfld. 

Feebly  BIfld. 

Non-Bifid. 

• 
•  •  • 

2 
2 

2 

2nd  cervical  vertebra,     . 
Srd  cei-vical  vertebra,     . 
4  th  cervical  vertebra,     . 
5th  cervical  vertebra,     . 

3 

•  •  • 

•  ■  • 
• «  • 

1 
2 
2 
2 

In  one  Bushman  the  nearal  spine  of  the  2nd  cervical  vertebra 
was  bifid ;  that  of  the  5th  feebly  bifld,  and  those  of  the  Srd  and 
4th  non-bifid.  In  two  Esquimaux  the  neural  spines  were  feebly 
bifid  throughout  in  one  specimen,  whilst  in  the  other  the  only 
neural  spine  which  was  bifid  was  that  of  the  2nd  vertebra ; 
those  of  the  remainder  were  non-bifid. 

The  following  table  gives  the  combined  results  of  the  24 
low  races  that  have  been  examined : — 

Condition  of  Neural  Spines  of  Cerviral  Vertebrm  in  Ttcenty-four  of 

the  Low  Races  of  Man, 


Bifid. 

Feebly  BIfld. 

Non-Blfld. 

2nd  cervical  vertebra,     . 
Srd  cervical  vertebra,     . 
4tli  cervical  vertebra,     . 
5th  cervical  vertebra,     . 

1 

18 
3 
2 
8 

5 
6 

7 
10 

1 
15 
15 
11 
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By  comparing  the  results  given  in  this  table  with  those  which 
are  recorded  for  the  Europeans,  a  very  marked  difference  in  the 
condition  of  the  neural  spines  will  be  observed.  The  only 
cervical  vertebra  which  presents  an  invariably  bifid  neural  spine 
in  all  the  races  is  the  axis  vertebra.  In  only  one  instance,  viz., 
in  a  Negro,  have  I  found  it  non-bifid.  This  character,  however, 
is  shared  by  the  Chimpanzee,  and  also  in  some  cases  a  trace  of 
the  same  bifidity  may  be  noticeable  in  the  corresponding  neural 
spine  of  the  Gibbon,  and  likewise  even  in  the  Orang  and  Gorilla. 

In  the  Europeans  the  neural  spines  of  the  3rd,  4th,  and  5th 
cervical  vertebras  are  as  a  rule  bifid.  In  only  one  case  did  I 
lind  all  these  spines  non-bifid  in  the  same  individual. 

In  the  low  races,  however,  the  reverse  condition  is  the  rule, 
and  in  this  respect  they  resemble  the  corresponding  neural 
spines  of  the  Chimpanzee.  They  differ  from  the  latter,  however, 
in  being  more  stunted  and  not  so  sharp  at  the  point 

It  will  be  observed  from  the  tables  that  have  been  given  that 
the  two  neural  spines  in  the  low  races  which  are  least  frequently 
bifid  are  the  3rd  and  4th.  These  also  are  the  most  stunted  of 
the  series.  By  this  arrangement  the  longer  spines  above  and 
below  are  allowed  to  close  over  them  in  extension  of  the  neck. 

[Editorial  Note. — As  additional  references,  we  may  say  that 
M.  Hamy,  in  his  excellent  description  of  the  skeleton  of  an 
Acta  Negrito  woman  {Nouv,  Archives  cbc  Museum,  1879,  vol.  ii.), 
has  also  directed  attention  to  the  tendency  in  the  coloured  races 
for  the  cervical  spines,  the  axis  excepted,  to  be  non-bifid,  and  a 
number  of  examples  have  also  been  recorded  by  the  writer  of 
this  note  in  his  "Challenger"  Report  on  the  Bones  of  the 
Human  Skeleton,  part  ii.,  now  in  type,  and  shortly  to  be 
published.  W.  T.] 


VAKIATIONS  IN  THE  NERVE  SUPPLY  OF  THE 
FLEXOR  BREVIS  POLLTCIS  MUSCLR  By  H.  St 
John  Brooks,  B.A.  and  M.B.  (Dub.),  Demonstrator  of 
Anatomy  in  the  University  of  DnUin. 

One  of  the  earliest  facts  impressed  upon  the  student,  when  he 
takes  up  the  study  of  Practical  Anatomy,  is  the  relatively  slight 
tendency  shown  by  nerves  to  vary ;  in  particular,  the  nervous 
supply  of  muscles  is  supposed  to  be  immutable.  This  dogma 
has  been  extended  to  Comparative  Anatomy  by  the  Heidelberg 
School,  and  Professor  Ruge  '' asserts,  with  Gegenbaur,  that  a 
muscle  is  to  be  regarded  as  the  end-organ  of  a  nerve,  and 
therefore  when  a  muscle  alters  in  position  and  connections,  its 
original  and  typical  relations  can  always  be  identified  by  its 
nerve  of  supply."  ^ 

In  the  foot,  where  in  man  the  muscles  are  arranged  upon  a 
more  primitive  plan  than  in  the  hand,  we  find  that  the  abductor 
and  flexor  brevis  pollicis  are  supplied  by  the  internal  plantar 
nerve,  while  all  the  other  intrinsic  muscles  receive  their  supply 
from  the  external  plantar.  It  is  interesting  to  note  the  deviation 
from  this  fundamental  arrangement  among  the  Mammalia  as 
worked  out  by  Professor  Cunningham.    He  says  : — 

"In  the  Elephant  the  internal  plantar  nerve  supplies  the 
flexor  brevis  indicis ;  in  the  Hyrax  the  internal  plantar  nerve 
supplies  the  flexor  brevis  indicis,  the  adductor  indicis,  and  the 
second  dorsal  interosseous  muscle ;  in  the  Beaver  a  still  more 
remarkable  deviation  is  found.  From  the  internal  plantar  nerve 
proceed  the  twigs  of  supply  for  the  abductor  hallucis,  flexor 
brevis  indicis,  flexor  brevis  medii,  and  the  first  and  third  dorsal 
interossei.  Lastly,  in  the  Fox-bat  there  is  an  example  of  the 
external  plantar  nerve  encroaching  on  the  domain  of  the 
internal  plantar,  by  supplying  a  twig  to  the  outer  head  of  the 
flexor  brevis  hallucis."  * 

This  is  a  most  interesting  case  of  two  nerves  struggling,  as  it 

*  MorphologiscJtes    Jahrbuch,,    1878, — quoted     by    Professor     Cunningham. 
Challenger  Reports,  jMirt  xvi.  p.  49. 
'  Op.  cit.,  p,  186. 
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were,  for  a  group  of  muscles,  sometimes  the  iuternal  plantar 
gaining  ground,  at  other  times  the  external  plantar  extending 
its  domain. 

In  this  paper  I  have  to  record  a  similar  struggle  (if  we  may 
call  it  so)  between  the  two  homologous  nerves  of  the  human 
hand,  the  median  and  the  ulnar;  and  we  shall  find  that  the 
nerve-supply  to  muscles  is  not  immutable,  even  when  our 
observations  are  confined  to  one  animal — Man. 

Table  of  Variations  in  the  Nerve-Sitpply  of  Fleror  Brevts 

Poinds  in  Man, 

Outer  head  supplied  by  deep  branch  of  ulnar  alone,     .         .     5  cases. 

Outer  head  supplied  by  ulnar  and  median,  .         .         .  19     „ 

Outer  head  by  median,  inner  head  by  ulnar,        .         .         .     5     „ 
Median  giving  twigs  to  both  heads ;  inner  head  also  with 

an  ulnar  nerve-supply, 2     „ 

In  some  of  these  cases  the  twig  from  the  deep  branch  of  the 
ulnar  nerve  to  the  outer  head  was  large ;  in  others  very  small. 
The  size  of  the  twigs  from  the  median  was  in  inverse  proportion 
to  those  from  the  ulnar. 

We  are  told  in  the  text-books.  Continental  as  well  as  English, 
that  the  outer  head  of  flexor  brevis  pollicis  is  supplied  by  the 
median  nerve,  and  the  inner  head  by  the  deep  branch  of  the 
ulnar.  This  seems  at  first  sight  a  deviation  from  the  funda- 
mental plan  as  observed  in  the  foot,  until  we  remember  that 
Bischoif  ^  has  shown  that  the  muscle  usually  described  as  inner 
head  of  flexor  brevis  is  in  reality  a  part  of  the  adductor,  the 
true  inner  head  lying  concealed  beneath  it  on  the  metacarpal 
bone  of  the  thumb,  and  described  by  Henle  as  the  interosseus 
primus  volaris.  I  have  not  as  yet  been  able  to  trace  the 
nervous  supply  of  this  true  deep  head  of  the  flexor  brevis,  but 
in  the  two  cases  in  my  table,  in  which  the  median  gave  twigs  to 
the  inner  head,  I  believe  some  filaments  passed  through  it  to 
reach  the  interosseus  primus  volaris. 

It  may  be  well  to  note  that  the  outer  head  of  flexor  brevis 
usually  consists  of  two  parts ;  a  large  mass  of  fibres  from  the 
annular  ligament  and  os  trapezium  (this  is  the  true  outer  head), 
and  a  fasciculus  from  the  inner  head,  which  crosses  the  deep 
surface  of  the  long  flexor  tendon  to  join  the  more  superficial 

^  Beilrdge  zur  Anatomie  des  HylobaUea  leucisacsj  1870,  p.-  20. 
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part  at  its  iDsertion  ;  it  is  the  latter  portion  that  one  would 
naturally  expect  to  receive  an  ulnar  nerve-supply,  but  in  every 
case  both  parts  of  the  outer  head  received  twigs.  In  the  seven 
cases  in  which  the  outer  head  was  supplied  by  the  median  alone, 
I  found  that  in  one  case  the  contribution  from  the  deep  head 
was  absent,  in  another  it  was  very  small ;  in  the  remaining  five 
this  point  was  not  noted.  I  found  it  absent  in  both  hands  of  a 
young  female  Chimpanzee,  which  was  kindly  placed  at  my 
disposal  by  Professor  Cunningham;  the  outer  head  was  here 
supplied  by  median  alone.  I  am  inclined  to  think  that  the 
fasciculus  of  fibres  from  the  deep  to  the  superficial  head  has 
acted  as  a  bridge,  and,  as  it  were,  dragged  the  branch  of  the 
ulnar  nerve  across.  In  one  of  the  cases  given  in  the  above  table 
the  ulnar  had  encroached  in  a  very  unusual  manner  on  the 
domain  of  the  median  ;  after  giving  twigs  to  the  outer  head  of 
flexor  brevis,  it  pierced  the  latter  and  supplied  the  opponens  and 
abductor  pollicis.  The  branches  to  the  two  latter  muscles  were 
as  large  as  those  which  they  normally  receive  from  the  median, 
and  appear  to  have  replaced  the  latter  entirely.^ 

At  first  sight  it  appeared  as  if  this  trespassing  of  the  ulnar 
nerve  on  median  territory  might  be  explained  by  a  communica- 
tion between  the  median  and  ulnar  in  the  arm,  but  in  both  arms 
of  the  Chimpanzee  there  was  a  very  large  communicating  branch 
from  the  median  to  the  ulnar  in  the  fore-arm,  and  yet  the  outer 
bead  of  flexor  brevis  was  supplied  by  the  median  only. 

As  the  distribution  of  the  ulnar  nerve  described  above  has 
apparently  escaped  the  notice  of  anatomists,  a  few  words  on  the 
method  of  exposing  it  may  not  be  out  of  place.  The  nerve  in 
question  usually  comes  through  the  adductor  pollicis  near  its 
mdial  margin,  and,  passing  on  the  deep  surface  of  the  long  flexor 
tendon,  pierces  the  outer  head  of  flexor  brevis.  Sometimes  it  is 
entirely  concealed  by  the  adductor,  and  may  be  brought  into 
view  by  separating  the  heads  of  the  flexor  brevis.  It  is  sur- 
rounded by  parallel  strands  of  connective  tissue,  which  give  it  an 
intensely  deceptive  appearance.  In  looking  for  this  nerve  I 
begin  by  securing  the  branches  of  the  median  to  the  outer  head; 
these  I  And  sometimes  close  to  the  annular  ligament  in  company 

^  I  had  the  pleasure  of  showing  this  rare  case  to  Professor  Cunningham,  and 
also  to  the  University  anatomist,  Dr  T.  E.  Little. 
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with  the  nerves  to  abductor  and  opponens,  often  lower  down 
from  the  first  or  second  digital  branches,  sometimes  in  both 
these  situations.  I  then  rip  up  the  sheath  of  the  long  flexor 
tendon,  pull  the  latter  aside,  and  separating  the  two  heads  of 
flexor  brevis,  by  pushing  without  cutting,  I  see  something 
stretching  across  which  looks  like  a  strand  of  connective  tissue. 
I  follow  this  into  the  muscle,  and  itn  nervous  character  becomes 
evident  I  then  take  a  note  of  the  name  of  the  student  who  is 
dissecting  the  part,  and  when  he  is  doing  the  deep  dissection  of 
the  palm  he  invites  me  to  trace  the  nerve,  and  I  verify  its 
connection  with  the  ulnar. 

The  first  example  of  this  nerve  I  found  last  winter  session 
(1884-85),  while  dissecting  a  hand  in  the  Dissecting  Rooms  of 
Trinity  College,  Dublin,  and,  supposing  it  to  be  a  very  rare 
anomaly,  I  showed  it  to  Professor  Cunningham.  I  found  that 
he  had  an  entry  of  a  similar  case  in  his  note-book,  and  also  the 
record  of  the  dissection  of  the  hand  of  a  negro  from  Sierra  Leone, 
in  which  the  median  gave  twigs  to  both  heads  of  flexor  brevis. 
I  must  take  this  opportunity  to  express  my  thanks  to  Professor 
Cunningham  for  placing  these  two  cases  at  my  disposal. 

In  the  live  cases  given  in  my  table  in  which  the  radial  head 
is  said  to  be  supplied  by  ulnar  aloTie,  the  branch  from  the  ulnar 
to  the  outer  head  was  large ;  in  two  out  of  the  five  the  whole 
dissection  was  made  by  myself,  and  after  a  very  careful  search 
I  could  not  find  any  twigs  from  the  median  to  the  outer  head. 
In  the  other  three  cases  the  integument  had  been  removed 
before  I  examined  the  subject 

As  in  19  out  of  31  cases  the  outer  head  of  flexor  brevis  had 
a  double  nerve-supply,^  I  think  we  should  be  justified  in  regarding 
this  as  the  normal  arrangement 

'  From  ulnar  and  median. 
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ON  THE  MORPHOLOGY  OF  THE  INTRINSIC  MUSCLES 
OF  THE  LITTLE  FINGER,  WITH  SOME  OBSERVA- 
TIONS ON  THE  ULNAR  HEAD  OF  THE  SHORT 
FLEXOR  OF  THE  THUMB.  By  H.  St  John  Brooks, 
B.A.  and  M.B.  (Dub.),  Demonstrator  of  Anatomy  in  the 
University  of  Dublin.    (Plate  XXI.) 

The  intriDsic  muscles  of  the  hand,  more  especially  the 
marginal  groups  known  in  Human  Anatomy  as  the  ''  thenar  and 
hypothenar  eminences,"  have  been  frequently  made  the  subject 
of  investigation,  but  more  from  a  descriptive  point  of  view 
than  with  the  object  of  elucidating  their  morphological  value. 
In  works  on  Human  Anatomy  great  differences  of  opinion 
have  prevailed  as  to  the  division  and  even  the  number  of  the 
short  thumb  muscles.  Henle  describes  a  double-headed  flexor 
brevis  distinct  from  the  interosseus  primus  volaris,  and  also 
separate  from  the  *' outer  head  of  flexor  brevis''  as  ordinarily 
described  in  English  text-books.  The  latter  he  terms  a  deep 
part  of  the  abductor.  Gegenbaur,  on  the  other  hand,  ignores 
the  presence  of  an  ulnar  or  deep  head  altogether.  Bischoff,^  first 
threw  light  on  the  true  ulnar  head  of  flexor  brevis  pollicis, 
which  he  shows  to  be  identical  with  the  interosseus  primus 
volaris  of  Henle,  but  he  does  not  appear  to  think  that  the 
muscles  of  the  little  finger  call  for  any  special  attention.  Pro- 
fessor Young,2of  the  Owens  College,  Manchester,  has  contributed 
some  valuable  papers  on  the  muscles  of  the  hand,  and  adopts 
(provisionally)  the  classification  first  proposed  by  Professor  D.  J. 
Cunningham,^  of  dividing  the  muscles  of  the  manus  and  pes 
into  three  layers — 

1.  A  plantar  layer  of  "  adductoresr 

2.  An  intermediate  layer  of  "fiexores  &?'eres." 

3.  A  dorsal  layer  of  "  dbdudoresy 

Professor  Cunningham  has  established  this  classification  for  the 
foot,  and  has  shown  that  the  origins  of  the  marginal  members 

^  Bdtrdge  zur  Anatomie  des  Hylobaiea  leuciaetiSf  1870. 
*  Jour,  of  Anat,  and  Phys. ,  vols.  xiv.  and  xvi. 
'  Zoology  of  the  Challenger ,  part  xvL  pp.  19  and  48. 
VOL.  XX.  2  U 
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have  a  tendency  to  wander  towards  the  heel.  The  abdactores 
hallucis  and  minimi  digiti  are  thus  the  marginal  and  enlarged 
"dorsal  iuterossel"  One  of  the  most  potent  arguments  by 
which  Cunningham  has  established  this  theory  is  the  fact,  that 
in  tetradactylous  animals  the  origin  of  the  (now  marginal) 
abductor  indicis  is  found  farther  back  than  the  other  iuterossei, 
unless  confined  by  a  rudimentary  metatarsal.  He  adopts,  with 
some  reservation,  the  statement  of  Euge,^  that  all  the  muscles 
which  lie  superficial  to  the  deep  division  of  the  external  plantar 
nerve  are  "  contrahentes "  or  "  adductores."  But,  he  remarks, 
"  the  great  objection  to  this  method  of  classifying  the  adductors, 
however,  is  that  it  is  incapable  of  being  extended  to  the  hand. 
In  the  manus  the  deep  division  of  the  ulnar  nerve  passes  inwards, 
under  cover  of  the  flexor  brevis  minimi  digiti  and  also  under  (or 
through)  the  opponens  minimi  digiti,  both  of  which  therefore, 
according  to  this  generalisation,  would  be  looked  upon  as 
contrahentes  or  adductores."  ^ 

The  author  believes  that  the  facts  detailed  in  this  paper  will 
show  that  this  "  flexor  brevis  minimi  digiti "  and  the  part  of  the 
opponens  superficial  to  the  deep  ulnar  nerve  are  really 
adductores.  The  true  ulnar  head  of  flexor  brevis  quinti  in  man 
is  represented  by  that  part  of  the  opponens  which  lies  beneath 
the  deep  ulnar  nerve,  and  the  radial  head  by  the  "  third  palmar 
interosseous."  Further,  the  dissections  described  will  tend  to 
show  that  the  true  deep  head  of  flexor  brevis  pollicis  is  very 
frequently  indistinguishable  ;  it  is  difficult  to  say  whether  it  is 
suppressed,  or  fused  with  the  adductor  obliquus,  the  valuable 
guide  of  nerve  relation  being  absent  on  the  radial  side  of  the 
hand. 

With  a  view  to  establishing  these  points,  I  have  examined 
the  manus  in  Man,  Chimpanzee  {Troglodytes)  Orang  {Pithecus), 
Cynocephalus  anuhis,  Macacus  nemestrintts,  Colobus,  Marmoset 
{Hapale),  Cat  {Felu  domestica),  Capybara  (Hydrochceinis), 
Virginian  Opossum  {Didelphys  virginia^ia)  and  Australian 
Opossum  (Phalangista  vulpina).  These  animals  were  all  most 
kindly  placed  at  my  disposal  by  Professor  Cunuingham  from  the 
stores  of  the  Anatomical  Department  of  Trinity  College,  Dublin. 

*  Mt/rph.  Jahrbuch,,  bd,  iv.  p.  645. 
*.  Op,  cit„  p.  136. 
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Aa  I  have  to  trace  the  wanderiog,  both  in  origin  and  iusertion, 
of  the  adductor  or  contrabentic  ^  group  of  muscles,  it  will  be  well 
to  mention  what  appears  to  be  their  typical  condition.  They 
are  a  group  of  flattened  muscles,  springing  from  a  common 
pointed  tendinous  origin  from  the  ligaments  on  the  palmar 
aspect  of  the  carpo-metacarpal  articulation  of  the  middle  digit, 
and  separated  from  the  subjacent  interossei  by  the  deep  branch 
of  the  ulnar  nerve.^  They  diverge  to  be  inserted  into  the 
proximal  phalanges  in  such  a  manner  as  to  adduct  the  fingers 
to  a  line  which  usually  passes  through  the  middle  digit.  The 
origins  of  the  two  marginal  members  (pt^A^t  fig*  2)  show  a  great 
tendency  to  wander  distally  and  thus  overlie  and  dwarf  the 
others  ;  not  only  this,  but  they  also  spread  towards  the  sides  of 
the  carpus,  creeping  along  the  concavity  of  a  curved  planCy  formed 
partly  by  the  unciform  and  os  trapezium  and  partly  by  the 
anterior  annular  ligament  The  insertion  may  also  vary. 
Cunningham  figures  and  describes  a  slip  to  the  radial  side  of 
index  finger  in  the  hand  of  Cuscus,  also  a  slip  to  the  fibular  side 
of  the  fourth  digit  in  the  foot  of  the  Koala.^  Ruge^  describes 
and  figures  an  adductor  or  contrahens  passing  to  the  fibular  side 
of  the  fifth  digit  in  the  foot  of  Dasyuncs  halltccatus,  while 
Cunningham  figures  a  similar  muscle  in  D.  vivervintts,  but 
describes  it  as  "  one  of  the  abductors  of  the  minimus,''  regarding 
the  nerve  relation  as  exceptional.^ 

In  estimating  what  is  a  typical  condition  of  adductores  or 
contrahentes  it  appears  to  me  that  we  should  regard  symmetry 
in  size  and  direction  of  fibres  rather  than  the  presence  of  the 
full  complement  of  muscles;  the  same  remark  applies  to  the 
flexores  breves.  The  Cat  affords  a  favourable  example.  It 
possesses  two  adductors  for  the  index  and  little  fingers,  arising 

^  First  described  in  the  foot  of  Mucacus  by  Halford  of  Melbourne,  and  named 
by  him  **  contrahentes  digitomm.'*  He  states  that  they  are  absent  in  the  hand 
of  the  same  animal  (p.  12).  In  both  of  the  specimens  I  disMCted  the  contra- 
hentes were  well  represented.  "Not  like  man,  bimanous  and  biped,  nor  yet 
quadrumanous,  but  cheiropodous."  Melbourne,  1863. 

2  Ruge  {op.  cU. )  established  this  nerve  relation  for  the  contrahentes  of  the  foot, 
and  it  is  evidently  applicable  to  the  hand  also. 

'  Zoology  of  ike  Challenger,  part  zvi.,  plate  ii.  fig.  8,  a,  and  plate  vii.  fig.  2. 

*  Op,  cit.t  p.  647. 

'  Op.  eU.f  pp.  55  and  136  ;  and  plate  zi.  fig.  6,  d^.  As  fur  as  I  can  jutlge 
from  the  figure  the  origin  is  close  to  the  other  adductors. 
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from  the  ligamentous  structures  of  the  central  part  of  the  carpus, 
and  lying  superficial  to  the  deep  ulnar  nerve  (fig.  1,  a\  a^).  There 
are  four  paired  fiexores  breves  for  the  four  ulnar  digits.  These 
are  equal  in  size,  and  each  arises  near  the  base  of  the  correspond- 
ing  metacarpal  by  a  pointed  origin,  which  soon  bifurcates  into 
two  symmetrical  fleshy  bellies,  to  be  inserted  into  the  ulnar  and 
radial  sesamoids.  These  all  lie  beneath  the  deep  ulnar  nerve. 
There  are  two  short  thumb  muscles,  one  (/^  representing  the 
radial  head  or  flexor  brevis  and  the  other  {a})  probably  the 
adductor  pollicis  or  first  contrahens,  as  its  origin  is  associated 
with  the  other  adductores.  If  this  view  be  correct,  there  is  no 
trace  of  the  ulnar  head  of  flexor  brevis.  There  is  an  abductor 
minimi  digiti,  but  the  muscle  known  in  Human  Anatomy  as 
"  flexor  brevis  minimi  digiti "  ^  is  entirely  absent.  1 

In  the  Marmoset  a  very  similar  condition  of  the  flexorcs 
breves  is  found,  but  we  have  here  a  difierent  arrangement  of  the 
true  flexor  brevis  minimi  digiti  (/) ;  while  the  radial  head 
(/^r)  is  inserted  into  the  sesamoid  as  before,  the  ulnar  head  (/^) 
has  no  insertion  into  the  phalanx  either  direct  or  indirect,  but 
is  inserted  into  the  whole  length  of  the  metacarpal  bone,  form- 
ing an  opponens.  There  is  a  "  flexor  brevis"  minimi  digiti  {a?a) 
arising  from  the  hook  of  the  unciform  and  from  the  anterior 
annular  ligament  and  inserted  with  the  abductor.  It  is 
relatively  larger  than  in  Man,  and  is  separated  by  a  small 
interval  from  the  adductor  quinti  digiti;  the  latter  and  the 
adductor  pollicis  have  spread  in  both  directions  in  the  manner 
indicated  above.  They  thus  unite  in  a  median  raphe  as  far  as 
the  metacarpo-phalangeal  joint,  and  conceal  the  other  two 
adductors  (a*  and  a^) ;  they  also  travel  along  the  curved  plane 
towards  the  little  finger  and  thumb  respectively.  An  abductor 
pollicis  and  a  radial  head  of  fiexor  brevis  pollicis  are  also 
present,  but  the  ulnar  head  of  the  latter  is  either  suppressed  or 
fused  with  the  adductor. 

In  Gapybara   we  have  chiefly  to  notice  a  remarkable  case 
of  suppression,  while  there  are  three  powerful   double-bellied 

^  As  this  name  is  confusing  on  account  of  the  existence  of  a  true  flexor  brevis 
of  the  little  finger,  I  shaU  distinguish  the  "flexor  brevis"  of  Human  Anatomy  by 
inverted  commas,  and  by  the  letters  a^a  (adductor  quinti  aborrans).  The  true 
flexor  brevis  minimi  digiti  Is  indicated  by  the  letters  /*r= radial  head  and  /*i*  — 
ulnar  head. 
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flexores  breves  for  the  index,  middle,  and  ring  fingers,  and  the 
ulnar  head  of  flexor  brevis  minimi  (/^w),  is  well  represented, 
the  radial  head  (/V)  is  not  merely  entirely  wanting,  but  its 
place  is  not  taken  by  any  other  muscle.  The  two  adductors 
(to  index  and  minimus)  have  the  typical  arrangement,  and  the 
adductor  minimi  remains  comparatively  remote  from  the  vacant 
space  where  the  radial  belly  of  flexor  brevis  ought  to  be.  We 
shall  compare  this  with  the  Opossum  later  on.  There  is  an 
abductor,  but  no  sign  of  "  flexor  bevis "  minimi  digiti  {aPa), 
The  abductor  indicis  shows,  in  a  marked  degree,  the  tendency 
of  marginal  muscles  to  take  their  origin  from  a  point  more 
proximal  than  the  rest  of  the  group  (the  thumb  being  ab- 
sent). 

In  the  Virginian  Opossum  there  exists  a  very  remarkablu 
condition  of  the  adductor  quinti  digiti.  A  large  triangular 
sheet  of  muscle,  like  that  in  the  Marmoset,  is  present,  but  this 
extends  further  ulnarwards  and  arises  from  the  median  raphe 
and  the  ligamentous  structures  at  the  base  of  the  metacarpus 
(fig.  2,  a%  This  origin  is  continuous  with  another  muscular 
mass  arising  from  the  base  of  the  hook  of  the  unciform  (aV), 
and  diverging  to  be  inserted  into  the  ulnar  sesamoid  of  the  fifth 
finger.  No  sign  of  separation  can  be  seen  between  these  two 
muscles  for  at  least  a  quarter  of  their  length.  Another  muscle 
{a^a)  lies  quite  parallel  to  the  one  last  described,  and  arises  from 
the  tip  of  the  unciform  hook  and  from  the  annular  ligament ; 
it  is  separated  by  a  slight  areolar  interval  from  aV,  but  the 
origins  and  insertions  of  the  two  muscles  are  absolutely  adjacent 
and  their  fibres  are  perfectly  parallel.  The  muscle  (a^a)  is 
evidently  the  "flexor  brevis"  of  Human  Anatomy,  as  the 
origin,  insertion,  nerve-supply,  and  nerve  relation  are  the  same. 
There  is  a  well-formed  and  typical  abductor  minimi  having 
the  same  connections  as  in  Man  (fig.  2,  abd%  and  there  is  also  a 
muscle  arising  from  the  annular  ligament  near  the  origin  of  a^a 
and  ninning  parallel  to  the  radial  side  of  the  latter  to  give  the 
perforated  tendon  to  the  fifth  digit, — this  is  a  flexor  brevis 
digitorum  manus.  The  broad  adductor  pollicis  extends  its  origin 
radial-wards  along  the  curved  plane,  and  has  concealed  and 
coalesced  with,  or  suppressed,  the  true  ulnar  head  of  flexor 
brevis  pollicis.     On  removing  the  muscles  which  lie  siqierficicd 
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to  the  deep  hrajvch  of  the  tilnar  nerve  a  complete  set  of  flexores 
breves  come  into  view  (fig.  3).  On  two  of  these,  however, 
doubt  may  be  thrown, — (1)  the  ulnar  head  of  flexor  brevis 
pollicis  is  probably  only  an  artificially  separated  part  of  the 
adductor;  (2)  the  minute  radial  head  of  flexor  brevis  minimi 
is  partially  blended  with  the  fourth  dorsal  interosseous,  and  the 
existence  of  an  arched  tendon  from  the  latter,  "  attached  by  one 
extremity  to  the  distal  end  of  the  fifth  metacarpal  bone  and  by 
the  other  to  the  adjoining  side  of  the  first  phalanx  of  the  ring 
finger, "  as  described  by  Professor  Young,^  renders  the  dis- 
crimination more  difiicult.  In  both  hands,  however,  dissecting 
from  both  palmar  and  dorsal  aspect,  I  was  able  to  trace  a  small 
fasciculus  to  the  radial  sesamoid  of  the  fifth  finger.^  The 
ulnar  belly  (/^w),  a  very  small  but  perfectly  distinct  muscle, 
arises  chiefly  from  the  unciform  but  partly  from  the  base  of 
the  fifth  metacarpal,  and  is  inserted  into  the  ulnar  sesamoid  of 
the  fifth  finger.  Both  heads  of  the  flexor  brevis  minimi  are 
easily  and  naturally  separable  from  a*  and  a^a\  even  without  the 
aid  of  the  deep  ulnar  nerve,  which  passes  between  them  and 
makes  "  assurance  doubly  sure." 

Professor  Young  has  arrived  at  results  somewhat  different 
from  the  above.^  He  describes  the  abductor  minimi  (fig.  2, 
abd^)  as  an  opponens.  (It  arises  from  the  pisiform  bone,  and 
is  inserted  into  the  ulnar  side  of  the  base  of  the  proximal 
phalanx  of  the  little  finger.  I  could  not  find  any  fibres  inserted 
into  the  metacarpal  bone.)  The  muscle  a^a  he  calls  the 
abductor,  and  aV  the  ulnar  head  of  flexor  brevis ;  he  has  also 
a  separation,^  of  which  I  could  find  no  trace,  in  the  adductor 
miuimi,  marking  ofl"  the  ulnar  margin  of  it  as  the  radial  belly  of 
the  flexor  brevis. 

It  will  be  instructive  at  this  stage  to  compare  the  foot  of 
the  same  animal  (fig.  4).  Here  we  have  an  "  annular  ligament " 
presenting  a  superficial  resemblance  to  the  anterior  annular 
ligament  of  the  hand,  though  its  connections  are  very  different ; 
but  it  has  this  property  in  common,  that  it  afl^ords  a  curved 

^Journal  of  Anat.  cmd  Phys.y  vol.  xiv.  p.  153. 

'  It  will  be  remembered  that  m  Capybara  this  muscle  f^r  was  entirely  absent, 
though  there  could  not  be  any  fusion  with  another  muscle  in  that  case. 
'  Op.  cit, 
*  Op,  cit,,  plate  vii.  fig.  1  ;  a  line  between  adm  and  f. 
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plane  along  which  the  origin  of  a  muscle  can  creep ;  and  we 
have  here  a  muscle  (a'^a)  whose  insertion  and  nerve  relation  is 
identicaP  with  the  muscle  similarly  lettered  in  the  hand,  and 
whose  general  position  appears  very  similar.  Between  this  and 
the  adductor  quinti  (a^),  we  have  an  interval  in  which  the  deep 
branch  of  the  external  plantar  nerve  appears  lying  superficial  to 
a  well-developed  double-bellied  flexor  brevis  quinti.  We  note 
the  complete  absence  of  anything  corresponding  to  aV  (fig.  2), 
also  the  slighter  lateral  extension  of  the  origin  of  the  adductor^ 
quinti,  therefore  the  lesser  degree  of  functional  replacement  of 
and  therefore  the  better  development  of  flexor  brevis  minimi 
digiti.  In  the  foot,  unlike  the  hand,  the  fibular  belly  of  flexor 
brevis  hallucis  (f^f)  is  quite  distinct,  and  arises  in  common  with 
the  tibial  head  considerably  proximal  to  the  adductor.  I  found 
an  indication  (not  shown  in  the  figure)  of  the  separation  into 
adductor  obliquus  and  a.  trans  versus  described  by  Suge^  in 
Didelphys  cancrivora.  Huge,  however,  gives  no  fibular  head  of 
flexor  brevis  hallucis  for  this  species,  and  also  omits  all  mention 
of  the  muscle  a^a  which  is  present  in  D.  virginiana;  the  latter 
muscle  is  figured  and  described  (after  Young)  by  Cunningham,^ 
but  he  calls  it  an  additional  head  of  the  abductor,  and  the  nerve 
relation  is  not  shown  or  described. 

The  Australian  Opossum  or  Vulpine  Phalauger,  while  cor- 
responding in  a  general  way  with  the  Virginian  Opossum,  shows 
some  instructive  difl'erences.  The  adductor  indicis  is  on  the 
same  plane  as  the  adductor  poUicis,  so  that  adductores  pollicis 
and  indicis  arise  from  the  radial  side  of  the  central  raphe  and 
adductor  minimi  from  its  ulnar  side.  The  muscles  a^a  and  a^a', 
which  are  separate  in  the  Virginian  Opossum  (fig.  2),  are  here 
united  to  form  one  muscle,  the  deeper  fibres  of  which  (corre- 
sponding to  a^a!)  are  inserted  into  the  metacarpal  bone,  and  are 
therefore  homologous  to  a^op  (fig.  5  and  fig.  8).  The  muscles 
corresponding  to  a^a'  and  a^  in  the  Virginian  Opossum,  although 

^  Besides  the  phalangeal  insertion  a  strong  fasciculus  (masses  to  the  base,  and  a 
weaker  sot  of  fibres  to  the  head,  of  the  metatarsal  bone.  This  reminds  us  of  tlie 
development  of  an  opponens  from  the  corresponding  muscle  in  the  hand,  so  fre- 
quently found  in  higher  forms,  and  is  also  an  argument  against  regarding  this 
muscle  as  a  flexor  brevis  digitomm. 

■  Op.  cit.,  p.  648,  and  Taf.  xxxv.  iig.  49. 

*  Op.  eit.,  p.  68,  and  plate  vii.  fig.  4,  (Pt. 
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still  united  at  their  origiD,  are  more  distinct  than  in  the  latter 
animal,  as  there  is  a  trace  of  an  aponeurotic  septum  between 
them.  The  flexor  brevis  digitorum  manus  is  absent,  as  the 
flexor  sublimis  supplies  a  perforated  tendon  to  the  fifth  finger 
(while  in  Virginian  Opossum  the  flexor  sublimis  has  only  three 
tendons,  to  the  index,  middle,  and  ring  digits).  On  reflecting 
the  layer  of  adductores,  the  deep  branch  of  ulnar  nerve  is  se^n 
lying  on  the  flexores  breves.  The  fourth  dorsal  interosseous 
muscle  shows  the  arched  tendon  to  head  of  metacarpal  and 
proximal  phalanx  of  ring  finger,  as  described  by  Cunningham 
in  Cuscus,  &c.,  and  by  Young  in  Virginian  Opossum,  but  on  the 
palmar  surface  of  the  latter  muscle  there  is  a  beautifully 
distinct,  fusiform,  fleshy  slip,  inserted  by  a  minute  tendon  into 
the  radial  sesamoid  of  the  little  finger ;  this  is  the  radial  belly 
of  the  true  flexor  brevis  (/^r).  The  ulnar  belly  of  the  same 
muscle  appears  to  be  absent,  while  in  the  Virginian  Opossum  it 
is  well  represented  (fig.  3,  /%).  The  radial  border  of  the 
adductor  poUicis  functionally  replaces  the  ulnar  head  of  flexor 
brevis  pollicis;  while  arising  in  common  with  the  well- 
developed  outer  head  of  flexor  brevis,  and  inserted  into  the  ulnar 
sesamoid  of  the  thumb,  is  a  distinct  fibrous  band,  which  is 
evidently  the  rudiment  of  the  true  ulnar  head.  The  presence 
of  this  band  increases  the  probability  that  the  real  ulnar  head  is 
suppressed,  not  fused,  in  the  Virginian  Opossum,  and  therefore 
the  muscle  shown  in  fig.  3  is  the  result  of  an  artificial  division 
of  the  adductor.  Professor  Cunningham,^  in  his  description  of 
the  hand  of  the  Vulpine  Phalanger,  expresses  the  opinion  which 
I  have  given  above,  viz.,  that  the  real  ulnar  belly  of  flexor 
brevis  pollicis  is  suppressed ; — he  regards,  however,  the  muscle 
corresponding  to  aV  and  aH  (fig.  2)  as  the  ulnar  head  of  flexor 
brevis  minimi  digiti. 

In  Macacus  nemestrinufi  there  are  four  adductors,  those  to  the 
index  and  ring  digits  being  small.  There  is  a  broad  triangular 
adductor  pollicis  inserted  directly  into  the  radial  side  of  base  of 
the  first  and  second  ^  phalanges  of  the  thumb.    From  the  part 

*  Op,  cit,i  P*  26. 

^  If  this  condition  is  constant  in  Macacus  it  shows  a  curious  reappearance  of 
a  reptilian  character  in  a  high  form  of  mammal.    A  similar  condition  (insei-tion 
nto  second  phalanx)  of  the  adductor  minimi  digiti  pedis  is  described  by  both 
Kuge  and  Cunningham  in  the  Ornithorhynchus.     The  latter  also  describes  the 
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arising  froni  the  carpus  a  fasciculus  diverges  to  be  inserted  into 
the  radial  sesamoid  (compare  a^a  in  Cynocepbalus).  These  two 
parts  are  intimately  connected  for  at  least  the  proximal  half  of 
their  length.  On  separating  these  two  the  deeper  fibres  of  the 
large  triangular  portion  are  seen  to  be  inserted  into  the  ulnar 
sesamoid;  as  the  origin  of  these  latter  fibres  is  from  the 
ligaments  at  the  base  of  the  second  and  third  metacarpal  bone 
they  evidently  form  a  part  of  the  real  adductor,  and  cannot  be 
regarded  as  a  flexor  brevis.  Flexor  brevis  radial  head  and 
opponens  pollicis  are  similar  to  the  same  in  Man,  but  there 
appears  to  be  no  trace  of  an  ulnar  head  of  flexor  brevis.  The 
muscles  of  the  little  finger  differ  in  only  one  point  from  those  of 
the  Marmoset ;  the  radial  head  has  become  rather  the  larger, 
and  more  distinctly  resembles  the  homologous  muscle  in  Man 
(third  palmar  interosseous).  The  condition  of  paired  flexores 
breves  for  the  three  middle  digits,  however,  has  vanished,  and  in 
its  place  we  have  an  arrangement  of  '' interossei "  similar  to 
that  in  Man. 

In  Coldbus  the  thumb  is  rudimentary,  appearing  only  as  a 
minute  projection  before  the  skin  is  reflected;  it  possesses, 
however,  a  metacarpal  bone  and  phalanges,  the  distal  phalanx 
being  the  size  of  a  pin's  head.  There  is  no  long  flexor  tendon, 
but  the  short  muscles  are  remarkably  distinct  and  well-defined. 
Abductor  pollicis  is  rather  weak,  but  otherwine  typical.  The 
flexor  brevis  pollicis  arises  by  a  pointed  tendinous  process  from 
the  annular  ligament  near  the  os  trapezium,  and  divides  into 
two  bellies,  of  which  the  radial  is  rather  the  larger ;  these  are 
inserted  with  the  abductor  and  adductor  respectively.  The 
sesamoid  bones  appear  to  be  absent.  A  very  few  fibres  of  the 
radial  bead  are  inserted  into  the  metacarpal  bone,  but  there  is  a 
slip  from  the  ulnar  bead  which  forms  an  opponens;  it  is 
inserted  on  the  ulnar  side  of  the  middle  line  of  the  shaft  The 
broad,  flat  triangular  adductor  arises  from  the  fascial  stru(;tures 
over  the  middle  metacarpal  bone,  and  is  separated  by  a  compara- 
tively wide  interval  from  the  flexor  brevis. 

There  is  a  "flexor  brevis"  minimi  digiti  {aH\  from  the 
deeper  part  of  the  origin  of  which  an  opponens  is  formed.    The 

insertion  of  the  adductores  into  the  ungaal  phalanges  in  the  pes  of  Echidna 
also  a  slip  to  the  ungual  phalanx  of  the  hallux  in  Cuscns  {op,  cit.,  p.  57). 
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latter  is  inserted  into  the  whole  length  of  the  metacarpal  booe 
of  the  little  fiuger.  There  is  a  true  flexor  brevis  separated  frooi 
tlie  two  preceding  muscles  by  the  deep  branch  of  the  ulnar 
nerve;  its  radial  belly  forms  the  "third  palmar  interosseous;" 
its  ulnar  belly  is  very  small  and  forms  an  opponens,  a  few  fibres 
reaching  as  far  as  the  head  of  the  metacarpal  bone ;  it  is  over- 
laid and  dwarfed  by  the  greatly  developed  opponens  derived 
from  the  palmar  layer  of  adductores. 

In  Cynocephalvs  anvJtns  (fig.  5)  there  is  a  large  adductor  pollicis 
arising  from  a  strong  fibrous  band  over  the  middle  metacarpal, 
and  from  the  ligaments  over  the  bases  of  index  and  middle 
metacarpals,  a  slip  {e}a)  passes  from  it  to  be  strongly  inserted 
into  the  radial  sesamoid.     There  is  a  powerful  radial  head  of 
flexor  brevis  (/ V)  arising  from  the  anterior  annular  ligament  and 
OS  trapezium  ;  from  the  deeper  part  of  its  origin  the  ulnar  head 
springs.    It  is  about  one-fifth  the  size  of  the  radial  head,  and  is 
inserted  along  the  middle  line  of  shaft  of  metacarpal,  its  most 
distal  fibres  inclining  to  the  ulnar  side,  to  be  inserted  close  to 
the  ulnar  sesamoid  but  not  reaching  it.     It  will  be  remembered 
that  a  similar  muscle  forms  part  of  the  ulnar  head  in  Colobus; 
this  muscle  is  concealed  by  a}a  in  the  figure ;  it  is  separated 
from  the  latter  by  a  strong  fibrous  sheath.    Turning  to  the 
little  finger,  we  find   a  "  flexor  brevis "  {w'a)  arising  from  the 
annular  ligament  close  to  the  tip  of  the  very  short  uncifomi 
hook ;  intimately  blended  with  its  deeper  fibres  of  origin  we 
find  an  opponens  {a^op)  inserted  into   the  distal  two-fifths  of 
ulnar  border  of  shaft  of  fifth  metacarpal    The  deep  branch  of 
ulnar  nerve  separates  the  forgoing  from  the  true  flexor  brevis, 
which  arises  chiefly  from  unciform  and  diverges  to  form  *'  third 
palmar    interosseous   "  (f^f),  and  an  opponens  inserted  into 
the  whole  length  of  the  shaft  of  the  metacarpal  {J^op)>    The 
adductor  (a^)  is  in  this  form  rather  widely  separated  from  {cf^) 

In  the  Chimpanzee  the  "  flexor  brevis  "  minimi  digiti  (fig.  7. 
a^a)  has  the  same  origin  and  insertion  as  in  Man ;  from  its 
deeper  fibres  of  origin  an  opponens  {a^op)  Is  developed,  which 
is  inserted  into  the  distal  four-fifths  of  the  fifth  metacarpal 
on  its  ulnar  border.  The  deepest  part  of  the  origin  of  this 
opponens,  from  the  base  of  the  unciform  hook,  is  united  wUk  tk 
pointed  proosinial  extremity  of  the  origin  of  the  adductor  m«i««« 
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digiti ;  the  latter  has  also  a  thin  scattered  extensive  origin  from 
the  fascia  over  the  ring  metacarpal.  The  radial  head  of  flexor 
brevis  minimi  digiti  (f^r)  resembles  the  "  third  palmar  inter- 
osseous "  in  Man ;  a  few  fibres  spring  from  the  unciform.  Closely 
associated  with  this  origin,  the  ulnar  head  (f^u)  arises  from  base 
of  unciform  hook,  and  is  inserted  into  the  proximal  fifth  of  the 
ulnar  border  of  shaft  of  fifth  metacarpal ;  it  is  slightly  blended  at 
its  insertion  with  the  other  opponens  (a^op),  but  quite  separable 
at  origin  ;  the  deep  branch  of  the  ulnar  nerve  passes  between 
them.  The  adductor  pollicis  arises  from  a  fibrous  band,  which 
passes  from  the  head  of  the  ring  metacarpal  to  the  base  uf  the 
middle  metacarpal,  and  from  the  ligaments  over  the  bases  of  the 
middle  and  index  metacarpals ;  it  shows  a  slight  division  into 
adductor  obliquus  and  a.  trausversus.  There  is  no  trace  of  any 
slip  like  a}a  in  CyTwcephalus.  There  is  a  well-developed 
radial  head  of  flexor  brevis  pollicis  arising  from  the  annular 
ligament  close  to  the  os  trapezium,  and  inserted  with  the 
abductor.  The  inner  head  is  represented  by  a  sharply-defined 
glistening  fibrous  band,  which  arises  from  the  extreme  base  of 
the  thumb  metacarpal,  and  is  inserted  with  the  adductor  in 
ulnar  side  of  base  of  proximal  phalanx  of  thumb.  In  the  speci- 
men dissected  (a  young  female)  there  were  no  sesamoid  bones. 

In  the  Orang  there  is  a  condition  of  the  muscles  of  the  little 
finger  more  resembling  Man  than  any  other  animal  I  have 
examined.  The  "  flexor  brevis  "  minimi  digiti  (a^a)  is  relatively 
larger  than  in  Man,  and  the  opponens  which  arises  in  connection 
with  it  is  inserted  into  the  entire  length  of  the  shaft  of  the  fiftli 
metacarpal  bone.  The  adductor  of  the  thumb  is  the  only 
adductor  present,  unless  the  others  are  represented  by  a  very 
tough  fibrous  tissue  which  covers  the  interossei  and  the  deep 
branch  of  ulnar  nerve.  Flexor  brevis  minimi  digiti  radial  head  13 
as  in  Chimpanzee,  but  the  ulnar  head  appears  to  be  entirely 
wanting.  The  adductor  pollicis  has  the  same  connections  as  in 
man,  but  the  slip  which  passes  to  the  radial  sesamoid  (a}a)  is 
wanting.  The  flexor  brevis  pollicis  arises  from  the  os  trapezium 
and  annular  ligament,  and  divides  into  two  fleshy  bellies,  a  small 
ulnar,  and  a  much  larger  radial,  which  are  inserted  into  corre- 
sponding sides  of  the  proximal  phalanx,  and  separated  by  the 
slender  long-flexor  tendon  {t,  fig.  6). 
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In  Man  the  "flexor  breviB"  mioiini  digiti  (a^a)  is  relatively 
smaller  than  in  any  of  the  other  animals,  and  is  frequently 
wanting ;  intimately  connected  with  its  deeper  fibres  of  origin 
from  the  unciform  hook  we  find  an  opponens,  which  is  usually 
inserted  into  the  distal  four-fifths  of  the  shaft  of  the  metacarpal 
(as  in  the  Chimpanzee),  but  may  be  limited  to  the  lower  half  or 
even  less  (fig.  8,  a^op).  Arising  from  the  shaft  of  the  fifth 
metacarpal,  and  in  most  cases  from  the  unciform^  is  the  radial 
head  of  the  true  flexor  brevis  ("  third  palmar  interosseous,"  /  V) 
and  closely  associated  with  the  unciform  origin  and  inserted 
into  the  proximal  fifth  of  the  metacarpal  bone  there  is  a  small 
muscle  (J'^op)  separated  by  the  deep  branch  of  the  ulnar  nerve 
from  the  first  mentioned  opponens,  and  quite  distinct  from  the 
latter  at  its  origin.  In  the  specimen  from  which  fig.  8  was 
drawn  this  muscle  was  unusually  large,  and  at  its  ovigin  formed 
one  viuscle  with  the  third  palmar  interosseous.  In  the  thumb  we 
find  a  very  powerful  adductor,  whose  origin  is  pierced  by  the 
d^ep  palmar  arch,  the  division  into  adductor  transversus  and  a. 
obliquus  being  thus  indicated;^  the  a.  obliquus  is  described  in 
English  text-books  as  the  deep  or  inner  head  of  flexor  brevis. 
From  the  adductor  obliquus  a  strong  bundle  of  fibres  ^  passes  to 
the  radial  sesamoid  of  the  thumb ;  this  is  identical  with  a^a  in 
Cynocephalus.  The  radial  head  of  flexor  brevis  is  strong,  and 
arises  from  the  lower  border  of  the  annular  ligament  close  to  its 
attachment  to  the  os  trapezium.  The  true  ulnar  head  (interosseus 
primus  volaris)  arises  from  the  extreme  base  of  the  metacarpal 
bone  of  the  thumb,  and  is  inserted  with  the  adductor,  some  fibres 
being  often  prolonged  on  to  the  dorsum  of  the  phalanx  to  join  the 
long  extensor  tendon. 

It  is  evident  from  the  above  descriptions  that  the  so-called 
"flexor  brevis''  minimi  digiti  of  the  human  hand  is  not 
homologous  to  the  muscle  of  the  same  name  in  the  foot;  the 
flexor  brevis  minimi  digiti  of  the  foot  lies  close  to  the  metatarsal 
bone  and  beneath  the  deep  division  of  the  external  plantar  nerve, 
while  in  the  hand  "  flexor  brevis "  is  superficial  to  the  deep 
branch  of  ulnar  nerve.     Professor  Cunningham*  has  shown  that 

*  Henle,  Muskellehrey  p.  246. 

*  Bischoif,  op.  cU.,  p.  20. 

'  See  Quain's  AncUomyy  9th  edition,  vol.  i.  p.  226. 

*  Op,  city  p.  116. 
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the  flexor  brevis  minimi  digiti  of  the  foot  and  the  *'  third  plantar 
interosseous  muscle"  are  the  fibular  and  tibial  bellies  of  the 
same  muscle.  In  the  Opossum  (fig.  4/^),  and  in  many  of  the 
mammalian  feet  figured  by  Professor  Cunningham;^  this  condition 
is  very  evident,  the  two  bellies  being  symmetrical  and  the 
insertion  on  each  side  phalangeal  In  the  Chimpanzee  I  found 
in  both  feet  the  flexor  brevis  minimi  digiti  and  "  third  plantar 
interosseous  "  arising  together  by  a  pointed  tendinous  origin  from 
the  sheath  of  the  peroneus  longus  tendon,  as  far  back  as  the 
ridge  on  the  cuboid  bone ;  the  ''  interosseous  "  had  an  additional 
origin  from  the  shaft  of  the  fifth  metatarsal.  The  fibular  belly 
was  inserted  into  the  shaft  of  the  metatarsal,  its  only  connection 
with  the  phalanx  being  through  the  abductor  tendon,  into  which 
a  few  fibres  were  inserted.  A  very  similar  condition  to  this  is 
described  in  Professor  Cunningham's  notes  on  the  dissection  of 
a  negro  foot  from  Sierra  Leone ;  ^  the  insertion  into  the  phalanx 
of  the  flexor  brevis,  however,  was  present.  In  European  feet  the 
following  is  a  frequent  condition  of  the  flexor  brevis  minimi 
digiti: — The  greater  part  of  the  muscle  arises  (more  or  less 
associated  with  the  third  plantar  interosseous)  from  the  sheath 
of  peroneus  longus,  the  remainder  arising  from  the  base  of  fifth 
metatarsal;  the  insertion  is  partly  into  the  metatarsal,  partly  into 
abductor  tendon,  and  the  remainder  directly  into  the  phalanx. 

While  in  the  foot  the  fibular  belly  of  flexor  brevis  minimi 
shows  a  tendency  to  become  reduced  to  an  opponens,  this 
tendency  is  more  pronounced  in  the  hand.  In  the  following 
animals  we  find  the  insertion  becoming  more  and  more  proximal, 
and  the  size  of  the  muscle  diminishing  pari  passu: — Cat, 
Marmoset,  Macaxms,  CynocepJudtcSy  Colobus,  Man,  Chimpanzee, 
Orang.  In  the  latter  it  appears  to  be  absent  altogether.  In  the 
first  three  we  find  the  opponens  (a^op)  (which  lies  superficial  to 
the  deep  ulnar  nerve)  absent.  In  the  others  it  shows  a  gradual 
increase  in  size,  functionally  replacing  the  deeper  muscle.  Again 
in  the  Cat  the  "flexor  brevis"  (of  human  anatomy)  is  absent 
but  present  in  all  the  rest,  and  in  the  Cat  alone  (in  this  series) 
we  find  the  true  flexor  brevis  (ulnar  head)  with  a  phalangeal 
insertion. 

^  Op.  cU,,  plate  viiL  fig.  1,/";  plate  xL,  figs.  1,  6,  and  10. 
^  Unpublished  as  yet 
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Haviag  now  demoiiBtrated  the  true  flexor  brevis,  let  us 
examine  the  so-called  "  flexor  brevis  "  of  man.  It  corresponds 
in  every  way  with  (a^a)  in  Gynocephalus,  Opossum,  and  Chim- 
panzee (figs.  5,  2,  and  7).  In  the  Opossum  its  origin  is 
continuous  with  the  adductor  minimi  digiti,  the  gap  usually 
found  between  their  origins  being  occupied  by  a  muscle  (a^a), 
which  is  evidently  only  a  deeper  fasciculus  of  a^a.  This  deeper 
fasciculus,  which  is  phalangeal  in  insertion,  shifts  its  insertion  to 
the  metacarpal  bone  in  higher  forms,  and  appears  as  cfiop  in 
Cynocephalus,  Chimpanzee,  and  Man.  We  have  thus  in  the 
Opossum  what  is  practically  one  sheet  of  muscle  a^  aV,  and  a^a 
separated  by  the  deep  branch  of  ulnar  nerve  from  the  layer  of 
flexores  breves.  It  appears  probable  that  the  adductor  minimi 
digiti  extends  both  its  origin  and  insertion  towards  the  ulnar 
side  of  the  hand,  and  that  the  pressure  of  the  long  flexor  tendon 
(or  tendons)  afterwards  divides  the  insertion  into  two  slips,^  the 
deeper  fibres  of  the  ulnar  part  afterwards  contracting  an  insertion 
into  the  metacarpal  bone.  The  pressure  of  the  tendon  and  the 
greater  development  of  the  unciform  process  then  separates  the 
origin^  also,  so  that  the  ulnar  border  of  the  adductor  minimi 
digiti  becomes  divorced  from  the  rest,  and  we  call  it  "  flexor 
brevis"  and  opponens  minimi  digiti  in  Human  Anatomy.  In 
Man  and  in  Orang  the  typical  adductor  minimi  vanishes,  and  the 
aberrant  part  remains  as  its  only  representative. 

In  Man,  Macacxis,  and  CynocepJudus,  we  find  an  indubitable 
part  of  the  adductor  pollicis  (a}a)  passing  to  be  inserted  into  the 
radial  sesamoid;  in  some  human  bands,  on  raising  the  long 
flexor  tendon,  the  adductor  fibres  are  seen  to  pass  in  an  almost 
continuous  sheet  across  the  base  of  the  phalanx  from  the  ulnar 
to  the  radial  sesamoid,  some  small  twigs  from  the  arteria  princeps 
pollicis  being  the  only  separation.  The  pressure  of  the  single 
flexor  tendon  of  the  thumb  has  been  insufficient  to  separate  the 
insertions  in  some  cases,  or  in  any  case  to  separate  the  origins. 

The  travelling  in  a  radial  direction  of  the  adductor  pollicis 
causes  it  to  overlie,  to  functionally  replace,  and  therefore  to 

1  In  the  more  primitive  types  the  muscles  in  the  hand  are  powerfal,  while  in 
higher  forms  there  is  a  tendency  for  the  muscalar  structares  to  retreat  to  the 
fore-arm,  the  hand  being  occupied  by  tendons. 

'  In  Cynocephalus,  in  which  the  flexor  tendons  are  enormously  strong,  we  find 
a  wide  separation  between  a'  and  a^op  (fig  5) 
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dwarf,  the  true  ulnar  bead  of  flexor  brevis.  As  the  valuable 
guide  of  nerve  relation  is  absent  on  the  radial  side  of  the  hand, 
it  is  difficult  to  say  in  most  cases  whether  the  ulnar  head 
becomes  fused  with  adductor  pollicis  or  aborts  entirely.  I 
believe  that  fusion  rarely  if  ever  occurs,  as  we  find  either  a 
ligamentous  rudiment  of  the  true  ulnar  head  of  flexor  brevis  (as 
in  Chimpanzee  and  Vulpine  Phalanger),  or  a  complete  absence  of 
any  fibres  arising  in  common  with  the  radial  bead  or  from  the 
base  of  the  metacarpal  bone  of  thumb  (as  in  Macacm).  It  is 
curious  that  the  true  inner  head  should  be  better  represented  in 
some  of  the  higher  primates  (Man,  Orang)  than  in  many  of  the 
lower  monkeys. 

Bischofi^^  describes  "  two  heads  of  the  flexor  brevis  pollicis, 
the  inner  somewhat  weaker  and  deeper  than  the  outer,"  in  Cyno- 
cephalus  niaiiTKm,  Cercopithecus  sabdvs,  Macacus  ct/nomolfftis, 
Pitheda  Airai^^a,  and  Hapaie  penidllata.  I  could  not  find  any 
true  inner  head  in  Macams  nemestrimis  or  in  ffapale,  and 
from  a  careful  inspection  of  his  figures  of  Cynocephalics  maivion 
and  comparison  with  Cynocephcdus  anvhis,  I  believe  that  what 
he  calls  the  inner  head  of  flexor  brevis  is  identical  with  (a%  fig. 
5),  being  a  part  of  the  adductor  inserted  into  the  radial  sesamoid. 

While  the  dissections  described  above  have  shown  that  the 
so-called  ''  flexor  brevis  "  minimi  digiti  of  the  hand  of  Man  is  a 
different  muscle  to  the  true  flexor  brevis,  there  are  two  possible 
views  of  its  morphology  besides  the  one  advocated  above : — 

(a)  That  it  is  a  part  of  the  abductor. 

(6)  That  it  is  the  division  of  the  flexor  brevis  digitorum 
manus  to  the  little  finger. 

(a)  In  favour  of  the  first  view,  it  may  be  urged  that  the  origin 
of  the  corresponding  muscle  on  the  radial  side  (abductor  pollicis) 
has  a  great  tendency  to  travel  ulnarwards  along  the  annular 
ligament,  even  passing  the  middle  lino  in  some  cases.  On  the 
other  hand,  the  nerve  relation  is  a  strong  argument  against  this 
view.  In  Cynocephal^ts,  where  a  second  slip  of  the  abductor 
takes  origin  from  the  annular  ligament  (fig.  5),  the  normal  nerve 
relation  is  still  preserved.  The  absolute  continuity  of  origin  of 
the  "flexor  brevis"  {a^a)  with  the  normal  adductor,  which  has 

^Op.  city  pp.  90,  91.  J 
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beeD  shown  in  Virginiau  Opossum,  Yalpine  Phalanger,  and  even 
in  so  high  a  form  as  the  Chimpanzee,  is  another  reason  against 
regarding  "  flexor  brevis  "  as  part  of  the  abductor. 

(b)  In  favour  of  the  second  view,  the  fact  may  be  noticed 
that  in  the  foot  the  tendons  of  the  short  flexor  are  not  always 
perforated.  In  the  Chimpanzee  I  found  the  tendon  to  the  little 
finger  inserted  into  the  floor  of  the  flexor  sheath,  on  the  fibular 
side  of  the  base  of  the  proximal  phalanx  of  the  little  toe,  and  I 
have  seen  the  same  condition  in  Man.  In  the  toes  of  Omitho- 
rhynchus,  Cunningham  has  shown  that  none  of  the  tendons  of  the 
short  flexor  are  perforated.  A  strong  argument  against  this  view, 
however,  is  the  presence  of  a  flexor  brevis  digitorum  manus  to 
the  little  finger  in  the  Opossum  {/bdm,  fig  2),  coexisting  with 
a^a.  In  the  foot  of  the  Opossum  there  is  a  perforated  tendon 
for  the  fifth  toe  coexisting  with  the  muscle  (a%  fig.  4),  and  it 
appears  probable  that  the  latter  is  the  homologuc  of  the  "  flexor 
brevis"  minimi  digiti  of  the  hand. 


EXPLANATION  OF  PLATE  XXL 

Fig.  1.  Manas  of  Cat.  /^  to  /^,  flexores  breves,—/^  has  only  the 
radial  head ;  u,  deep  branch  of  ulnar  nerve  passing  under  pisi-uncinate 
ligament,  and  then  under  two  of  the  adductores,  a^  and  a-^;  a\  adduc- 
tor pollicis ;  abd\  abductor  minimi  digiti. 

Fig.  2.  Mauus  of  Virginian  Opossum,  a^,  a^,  a*,  a^,  adductores;  a^a 
and  aV,  parts  of  adductor  minimi  digiti  whose  insertion  has  wandered 
to  ulnar  side  of  fifth  digit ;  u,  ulnar  nerve,  its  deep  branch  passing 
wider  the  adductores ;  fbdm,  flexor  brevis  digitoruui  manns  reflected ; 
fh'f  radial  head  of  flexor  brevis  pollicis ;  abd\  abductor  pollicis. 

Fig.  3,  Deeper  dissection  of  manus  of  Opossum.  /^  to  /^,  flexores 
breves.  The  deep  branch  of  ulnar  nerve  is  shown  passing  superficial 
to  all  of  these. 

Fig.  4.  Pes  of  Virginian  Opossum,  ejm,  deep  branch  of  external 
plantar  nerve ;  fH  and  /y,  tibial  and  fibular  heads  of  flexor  brevis 
pollicis. 

Fig.  5,  Manus  of  Cynocephalm  amibis.  f^r^  radial  head  of  flexor 
brevis  minimi  ("  third  palmar  interosseous") ;  f^op,  opponens  minimi 
derived  from  true  flexor  brevis ;  a^op  opponens  from  layer  of  adduc- 
tores; a^Uy  **  flexor  brevis"  minimi  digiti;  op\  opponens  pollicis  ;  a^a, 
part  of  adductor  pollicis  inserted  into  radial  sesamoid ;  t,  tendon  of 
flexor  longus  pollicis. 

Fig.  6.  Thumb  of  Orang.    f^r  and  /hi,  radial  and  ulnar  heads  of 
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flexor  brevis  poUicis,  having  a  common  origin,  but  separated  at  their 
insertion  by  ty  the  slender  tendon  of  flexor  longus  poUicis. 

Fig.  7.  Diagram  of  the  adductores  of  the  manus  of  a  Chimpanzee. 
d^f  fourth  dorsal  interosseous  ;  a}oby  adductor  obliquus;  aHr,  adductor 
trans  versus ;  other  letters  as  befora  Observe  that  the  origins  of  a^ 
and  a^op  are  absolutely  continuous  for  a  short  distance,  and  that  a^op 
and  a^a  are  united  by  half  their  length. 

Fig.  8.  Short  muscles  of  the  little  flnger  in  Man,  showing  an 
unusually  large  part  of  the  opponens  minimi  digiti  derived  from  the 
true  flexor  brevis  ; /V,  "third  palmar  interosseous."  The  "flexor 
brevis"  minimi  digiti  (of  human  anatomy)  was  absent  in  this  case. 
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ON  THE  NATURE  OF  THE  RELATIONSHIP  OF  UREA 
FORMATION  TO  BILE  SECRETION.  By  D.  Noel- 
Paton,  M.D.,  B.Sc,  F.R.S.E.,  Biological  Fellmo  of  the 
University  of  Edivhurgh, 

(From  the  Physiological  Laboratory  of  the  UniTersity  of  Edinburgh.) 

{Contviued/rom  p.  631.) 

In  confirmatioQ  of  the  conclusion  that  urea  formation  and  bile 
secretion  are  related  to  one  another  through  their  inter-depend- 
ence upon  destruction  of  blood-corpuscles,  I  here  give  a  further 
experiment,  in  which  toluylendiamin  was  used  as  the  htemolytic 
agent  This  experiment  is  especially  valuable,  because  the 
disturbing  influence  of  increased  production  of  hsemocytes  does 
not  appear  to  have  obscured  the  extent  of  destruction.  It  was 
only  some  days  after  the  destruction  of  corpuscles  had  reached 
its  greatest  extent  that  increased  production  fairly  established 
itself.  This  is  probably  to  be  accounted  for  by  the  fact  that  a 
dog  considerably  older  than  those  used  in  my  previous  experi- 
ments was  employed. 

Exp.  VL 

For  this  experiment  an  old  black  retriever  bitch,  weighing  15*876 
kilos.,  was  used.  The  subjoined  table  and  fig.  5  show  the  influence 
of  toluylendiamin  on  the  urea  production  and  on  the  number  of  blood- 
corpuscles.  On  the  sixth  day  of  the  experiment  0*4  grm.  of  the  drug 
was  administered,  while  0  3  grm.  was  given  on  the  following  day. 
On  the  seventh  day  the  dog  was  distinctly  jaundiced,  and  the  urine  was 
of  a  dark  port  wine  colour  and  contained  bile  acids  and  pigments.  On 
the  eighth  day  the  jaundice  was  more  marked  and  general,  but  by  the 
ninth  day  it  had  somewhat  diminished.  Throughout  the  experiment 
the  dog  seemed  perfectly  well  and  took  its  food  greedily.  Calculating 
as  in  the  former  experiments  we  find  that  a  dog  of  this  weight  has  12^ 
grms.  of  blood  and  168  grms.  of  haemoglobin.  Between  the  fifth  and 
the  eleventh  day  the  corpuscles  fell  from  8,390,000  to  5,060,000— a  fall 
of  39*69  per  cent  Thus  throughout  the  body  66 '7  grms.  of  hsdmoglobin 
must  have  been  set  free,  and,  supposing  this  to  be  entirely  broken  up 
into  urea,  bilirubin,  &c.,  we  should  expect  to  find  a  formation  of  20*2 
grms.  of  urea  above  the  normal. 

Before  the  administration  of  the  drug  6*645  grms.  of  urea  were  daily 
excreted,  and  during  the  six  days  foDowing  its  administration  the 
production  of  urea  in  excess  of  the  normal  was  18*588.  On  the  seventh 
day  1'251  grm.  of  urea  in  excess  of  the  normal  were  excreted,  making 
in  all  19*839 — only  0*361  grm.  less  than  the  amount  calculated  from 
the  disintegration  of  hsemocytes. 
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Diiyof 

Prine 

Sp.  G. 

Urea  in 
arms. 

Hiemocytaa 
per  cmin. 

Bemarka.                ' 

1 

1625 

1018 

6-741 

Weight  on  5th-15-87  kilos. 

1! 

|fi25 

1018 

6-741 

3 

S20 

1013 

6-554 

Diet— Oatmeal-170  grins.    | 

4 

U60 

1014 

fl-5fl6 

8,600,000 

Milk,    .     320C.C. 

6 

460 

1014 

6-590 

8,390,000 

6 

500 

1015 

7-o:o 

7.320,000 

7 

1490 

1018 

9-156 

6,186,000 

0'3  grm.  Toluyleudiauiiu. 

8 

|490 

1018 

9-1 56 

6,166,000 

9 

400 

101 S 

11-280 

5,870,000 

10 

GSO 

1015 

n-600 

6.250,000 

11 

020 

1014 

10-626 

5,060,000 

12 

470 

1016 

7-896 

5,510.000 

IS 

520 

1013 

1    8-B35 

5,410,000 

14 

16 

IS 

480 

1015 

7-566 

5,280,000 

580 

1013 

6'-158 

6,080,000 

17 

400 

1015 

6-600 

6,626,000 

18 

1600 

1014 

6-726 

6,600,000 

19 

Isoo 

1014 

6-726 

20 

800 

1012 

6-500 

7,17b',O0O 

Exp.  VI.  —  Influfnce  of  tolniygleadisitiiii  on  urea  productioD  aod  on  number  of 
hiemorjrtet  p«i  c.mm.     0-4  |;Tma.  given  at  a,  and  0'3  gnns.  at  t. 
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Even  if  we  refuse  to  accept  the  hypothetical  decomposition  ot 
the  haemoglobin  molecule  given  above,  the  very  close  relation 
ship  between  the  extent  of  the  destruction  of  blood-corpuscles 
and  the  increase  in  the  urea  excretion  shown  by  these  experi- 
ments clearly  indicates  the  existence  of  a  definite  connection 
between  these  two  processes. 

Direct  Action  on  the  HiEMocYTES  of  Drugs  Increasing 
Urea  Production  and  Bile  Secretion. 

As  before  stated,  Afanassiew  has  connected  the  cholagogue 
action  of  toluylendiamin  with  its  direct  destructive  influence 
upon  the  blood-corpuscles,  while  Paschkis  has  demonstrated 
that  these  most  powerful  ha^molytic  agents — the  salts  of  the  bile 
acids — stimulate  bile  secretion  in  a  very  marked  degree. 

By  observing  the  action  of  salicylate  of  soda,  of  benzoate  of 
soda,  of  colchicine,  and  of  mercury  on  the  haemocytes,  I  have 
endeavoured  to  ascertain  whether  or  not  their  double  action 
on  bile  secretion  and  urea  production  can  to  any  extent  be 
explained  by  their  primary  direct  influence  on  the  blood- 
corpuscles. 

For  this  purpose  the  action  of  these  substances  outside  the  body, 
and  in  some  cases  in  the  living  animal,  has  been  studied. 

Observations  outside  the  body  of  the  action  of  these  drugs 
are  absolutely  essential,  since  changes  produced  in  the  cor- 
puscles after  their  introduction  into  the  living  body  are  not 
necessarily  due  to  the  direct  action  of  the  agents.  Specially 
important  is  the  demonstration  of  these  changes  in  such  a 
research  as  the  present,  when  from  the  increased  secretion  of  bile 
induced  the  possible  action  of  bile  acids  and  their  salts  must 
be  carefully  excluded.  My  object  has  been  merely  to  ascertain 
if  the  drugs  above  mentioned  have  any  hsemolytic  action,  and 
I  have  not  considered  it  expedient  to  describe  at  length  the 
various  changes  which  occur  in  the  course  of  the  disintegration 
of  h?emocytes — a  line  of  histological  research  which  would,  I 
believe,  throw  some  important  light  on  the  minute  structure  of 
the  red  blood-corpuscle. 

In  such  a  research  various  precautions  are  necessary.  In  the 
first  place,  the  solution  employed  must  have  a  neutral  reaction. 


UREA  FORMATION  AND   BILE   SECRETION.  665 

since  any  degree  of  acidity  or  alkalinity  tends  to  destroy  the 
corpuscles.  Secondly,  it  is  necessary  to  employ  solution  of  the 
same  specific  gravity  as  the  blood-serum — 1025 — or  to  use  such 
a  solvent  as  a  0'75  per  cent,  salt  solution  in  which  corpuscles 
remain  unchanged.  This  salt  solution  is  especially  useful  where 
dilute  solutions  of  the  reagent  have  to  be  employed. 

The  action  of  these  substances  has  been  studied  not  only  on 
the  mammalian,  but  also  on  the  amphibian  blood ;  but  since  their 
action  on  the  latter  is  precisely  similar  to  their  influence  on  the 
former,  I  have  not  deemed  it  necessary  here  to  describe  it  in 
detail,  and  have  confined  myself  entirely  to  the  changes  ob- 
served in  the  human  blood. 

The  mode  of  experiment  was  as  follows : — A  drop  of  the  solu- 
tion was  placed  on  the  finger,  which  was  pricked  through  this. 
The  blood  was  mixed  with  the  solution,  and  the  mixture  was 
transferred  to  a  shallow  cell,  covered  and  at  once  examined, 
usually  under  a  Zeiss  F  lens. 

Salicylate  of  Soda. 

On  the  action  of  salicylic  acid  and  salicylate  of  soda  on  the 
red  blood-corpuscles  outside  the  body  several  observations  are 
already  recorded. 

Chirone,  in  a  paper  entitled  "Acido  SaliciUco  e.  Salicilate"  (// 
Movemenio  med,  e.  chir,,  11-12  maggio,  quoted  in  Jahresh,  for  1878,  p. 
408,)  states  that  the  toxic  action  of  this  drug  depends  upon  its  destruc- 
tive action  upon  the  haBmocytes. 

Cotton,  "  Act.  de  Tacide  salicylique  sui*  le  Sang  et  en  particulier  sur 
los  globules  rouges"  {Lyon  Mkl.^  t  1.  p.  557,  quoted  by  Pruddeii) 
shows  that  with  a  3  per  cent,  solution  the  red  corpuscles  become 
globular  and  that  the  hiemoglobin  is  decomposed. 

Prideaux  {Practitioner^  Sept  1878,  p.  171)  states  that  it  has  no 
influence  upon  the  hssmocytes,  but  that  the  movements  of  the  leuco- 
cytes are  diminished. 

Thiersch  ( Volkmann^e  Klin,  Vortrdgey  Xo&  84  and  85,  p.  657)  finds 
that  salicyhc  acid  destroys  the  red  blood-corpuscles. 

Pruddeu  {American  Medical  Journal  for  1882,  p.  64)  describes 
very  carefully  the  influence  of  salicyhc  acid  dissolved  in  a  0*5  per  cent, 
salt  solution  upon  the  haemocytes.  He  finds  that  a  solution  contain- 
ing 1  part  in  500  causes  a  rapid  disintegration  of  the  corpuscles,  but 
that  in  more  dilute  solutions  it  acts  merely  like  other  dilute  acids.  He 
also  notices  that  it  acts  more  rapidly  upon  the  corpuscles  of  the  frog 
than  upon  the  mammalian  corpuscle. 
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A.  Outside  the  body. 

Solutions  of  different  strengths  were  employed,  but  with  the 
stronger  solutions  disintegration  of  the  corpuscles  occurred  so 
rapidly  that  it  was  impossible  to  study  the  various  changes. 
A  1  per  cent  solution  in  0*75  per  cent,  salt  solution  may  be 
employed  with  advantage. 

On  allowing  a  drop  of  this  solution  to  mix  with  a  drop 
of  blood  the  following  changes  occur: — 

1.  Large  blunt  crenations  appear  round  the  periphery  of  the 

disc. 

2.  These  crenations  become    sharper  and   longer,   and   the 

corpuscles  shrink  in  size  and  assume  a  spherical  form. 

3.  The  spines  next  become  more  numerous,  entirely  covering 

the  surface  of  the  corpuscle,  at  the  same  time  they 
become  shorter. 

4.  The  spines  finally  disappear,  leaving  a  small  highly  refract- 

ing deeply  pigmented  sphere. 

5.  The  haemocyte  now  slowly  increases  in  size,  becomes  paler, 

and  on  close  examination  it  is  seen  to  be  granular — the 
granules  appearing  to  be  in  an  active  state  of  motion 
within  the  haemocyte. 
G.  The  granules  become  more  and  more  apparent,  and  grow 
larger  and  larger  and  seem  to  collect  the  pigment  around 
them,  so  that  we  have  a  colourless  cell  with  a  thin  layer 
of  pigment  under  the  membrane  and  masses  of  pigment 
tliroughout  the  cell. 

7.  The  pigment   is   gradually  dissolved   out — colouring   the 

blood-serum,  and  leaves  within  the  cell  colourless  masses 
of  the  intracellular  stroma. 

8.  These  masses  become  less  and  less  distinct,  and  finally  an 

almost  homogeneous,  colourless,  transparent,  spherical 
shadow  is  left,  which  requires  for  its  detection  very 
careful  focusing. 

Different  corpuscles  are  seen  to  have  a  very  different  resisting 
power  in  regard  to  the  action  of  salicylate  of  soda.  Some 
corpuscles  break  down  at  once,  while  others  hold  out  for  long 
after  the  majority  have  been  reduced  to  shadows. 

B.  In  the  living  body. 
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Exp,  I. 

A  female,  aged  15  years,  and  weighing  40 '8  kilos.,  who 
was  8Q£fering  from  favus  but  who  was  otherwise  healthy,  was 
employed  in  this  and  in  the  next  experiment.  The  diet  was  as 
nearly  as  possible  uniform,  and  at  12.30  each  day  the  number 
of  hasmocytes  per  cmm.  were  estimated  with  Gower's  haemocytometer. 

Between  2  p.m.  on  April  7th  and  10  p.m.  on  Apiil  8th,  13  grms. 
of  salicylate  of  soda  were  administered  in  20-grain  doses.  On  the 
morning  of  the  8th  well«marked  symptoms  were  induced.  The 
accompanying  table  shows,  that  under  the  influence  of  salicyate  of  soda 
a  fall  of  300,000  per  cmnL  occurred  in  the  number  of  corpuscles : — 


Date. 

No.  of  Usemocytes 
per  cmm. 

Remarks. 

1885. 

April    5th 

4,825,000 

„      6th 

4,900,000 

„      7th 
,.      8th 

4,870,000 
4,870,000 

I  13  grtnfi.  salicylate  of  soda. 

„      9th 

4,570,000 

„    10th 

4,650,000 

„    11th 

4,720,000 

»    12th 

■  •  • 

„    18th 

1 

4,740,000 

Ejpp,  II. 

The  same  individual  was  used  as  in  Exp.  I,  and  the  experiment  was 
in  every  way,  with  the  exception  of  the  doses  given,  exactly  the  same 
as  the  last.  The  administration  of  the  drug  was  commenced  at  1 2 
noon  on  the  28th.  On  the  evening  of  the  29th  well-marked  symptoms 
were  induced. 

The  following  results  were  obtained : — 


Date. 

No.  of  Hsmocytes 
per  cmm. 

Remarks. 

April  27th 
„    28th 
„    29th 
„    80th 
May  1st 
„      2iid 
„      3rd 
„      5th 

4,850,000 
4,850,000 
4,695,000 

4,625,000 
4,060,000 
4,720,000 
4,750,000 

7*2  grms.  of  sod.  sal.  in  24  hrs. 
7  '2  grms.  of  sod.  sal.  in  24  hrs. 

Faint  traces  of  salic  in  urine. 

Exp.  III. 

A  setter  bitch,  weighing  11*80  kilo&  and  recovering  from  the 
anaemia  induced  by  the  administration  of  pyrogallic  acid,  was  UBed. 
The  diet  was  fixed. 
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Date. 


May  14th 
15th 
16th 
17th 
18th 


If 
it 


No.  of  Htemocytes 
per  c.mra. 


5,400,000 
5,320,000 
5,000,000 
4,555,000 
5,105,000 


Remarks. 


6  grms.  salicylate  of  soda. 
6  grins,  salicylate  of  soda. 


These  three  experinients,  yielding  results  so  entirely  uniforni, 
clearly  show  that  in  the  mammalian  body  the  administration 
of  even  comparatively  moderate  doses  o(  salicylate  of  soda  is 
followed  by  a  considerable  destruction  of  blood-corpuscles. 

Benzoate  of  Soda. 

The  benzoates  like  the  salicylates  belong  to  the  carbolic  acid 
group  of  pharmacological  substances,  most  of  which,  as  indicated 
by  Harnack  (Arzneimittellehre,  s.  288),  exert  a  destructive 
influence  on  the  blood-corpuscles.  I  have  been  unable,  however, 
to  find  any  experiments  on  the  direct  action  of  the  benzoates 
in  the  blood. 

When  a  5*5  per  cent,  solution  of  benzoate  of  soda  (sp  gr.  1025) 
is  mixed  with  a  drop  of  human  blood,  the  following  changes 
occur  in  the  corpuscles:— 

1.  Some  assume  a  globular  form,  and   become  larger  and 

paler. 

2.  A  great  number  are  enlarged  and  paler  with  a  faintish  more 

or  less  crenated  outline.     Their  form  becomes  irregular, 
varying  from  almost  spherical  to  fusiform. 

3.  The  largest  number  become  somewhat  reduced  in  size,  lose 

their  biconcave  form,  appear  bounded  by  a  strong  dark 
border,  and  are  markedly  crenated.  When  a  number 
of  these  are  together  a  curious  oscillatory  movement  may 
be  seen,  closely  resembling  Brownian  movement. 
If  such  a  preparation  be  placed  for  some  time  in  a  warm 
moist  <5hamber  a  large  number  of  the  corpuscles  are 
converted  into  shadows,  while  all  stages  between  such 
shadows  and  the  small  crenated  corpuscles  may  be 
studied.  Under  the  cover-glass  these  changes  go  on 
much   more  slowly  than   without  it.     In  this   respect 
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beuzoate  of  soda  appears  to  resemble  toIayleDcliamin,  which 
accordiDg  to  Afanassiew  (loc.  cU.)  requires  the  free  ingress 
of  air  to  the  preparation  to  enable  it  to  exert  its 
destructive  influence  upon  the  haemocytes. 

In  all  these  observations  check  experiments,  with  blood  mixed 
with  075  per  cent,  salt  solution,  showed  no  destruction  of  cor- 
puscles. 

Benzoate  of  soda  is  therefore  undoubtedly  a  haemolytic  agent, 
but  not  of  such  power  as  the  salicylate. 

Colchicine. 

I  can  find  no  observations  on  the  direct  action  of  colchicine 

on  the  blood-corpuscles.     SohioQ  (Lehrbitch  der  Pharmacologie,  p. 

615)  describes  the  condition  of  animals  poisoned  with  colchicine 

as  follows : — 

'^  Am  constanten  fand  sich  Enteritis  bisweilen  Gastritis  und  immer 
ein  dickes,  peschwarzes,  theerartiges,  schmieriges  Blut,  das  die 
Hohlen  des  linken  Herzcns  und  die  obere  und  untere  Hohlader  bis 
in  ihre  Yerzweigungen,  die  dem  Him,  der  Leber  uiid  der  Niere 
angehoren  erfUllte.' 

All  subsequent  writers  have  merely  quoted  this  observation  of 
Schroflf. 

A.  Outside  the  body. 

A  5  per  cent,  solution  of  perfectly  neutral  colchicine  dissolved 
in  0*75  per  cent,  salt  solution  was  used. 

The  following  changes  were  observed : — 

1.  The  corpuscles  become  cupped,  a  convexity   taking  the 

place  of  the  concavity  on  one  side. 

2.  The  lips  of  the  cup  approach  one  another  and  become 

irregular. 

3.  The  corpuscles  become  spherical,  some  small  and  dark, 

others  larger  and  paler. 

4.  The  large  pale  hsemocy  tes  become  shadows  simply  by  losing 

their  colouring  matter. 
Some  of  the  smaller  ones  enlarge  and  throw  out  processes : 
these  processes  are  either  (1)  long  transparent  filiform 
vibrating  tails,  sometimes  markedly  articulated,  almost 
moniliform  at  other  times  with  no  apparent  joints,  but 
always  with  a  somewhat  club-shaped  head ;  or  (2)  round, 
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clear,  and  spherical.  Both  forms  are  to  be  seen  in  the 
oue  corpuscle.  These  processes  often  break  oif  and  cause 
a  granular  appearance  of  the  serum  in  which  the  cor- 
puscles float,  at  other  times  they  remain  attached. 

5.  The  pigment  slowly  dissolves  out  till  only  a  layer  inside 

the  cell  membrane  is  left 

6.  This  in  turn,  too,  disappears,  and  nothing  is  left  but  a 

shadow,  often  with  processes  attached. 

B.  Within  the  body. 

The  method  of  enumerating  the  corpuscles  per  amm.,  em- 
ployed in  my  experiments  on  the  action  of  salicylate  of 
soda  upon  the  blood  in  the  living  mammal,  was  unsuited  for  the 
investigation  of  the  blood-changes  indnced  by  such  a  drag 
as  colchicine,  which  by  its  well-known  cathartic  action  causes 
a  concentration  of  the  blood  as  shown  by  Malassez. 

Another  method  of  experiment  had  to  be  adopted : — 

Exp,  I. 

A  large  male  cat  received  no  food  for  twenty-four  hours.  At  11 
o'clock  on  May  5th  0*1  gnn.  of  colchicine,  procured  from  Me»n 
Hopkin  &  Williams,  London,  dissolved  in  about  20  cos.  of  water  was 
administered. 

During  the  afternoon  the  cat  had  several  mucous  evacuations  of  the 
bowels,  and  vomitted  some  glairy  matter.  In  the  evening  it  was  dull  ] 
it  died  on  the  morning  of  the  6th. 

The  thorax  was  opened,  and  some  blood  taken  from  the  right 
auricle  was  at  once  examined ;  this  contained  a  very  large  number  of 
shadow  corpuscles  arranged  in  groups.  Blood  taken  from  the  femoral 
vein,  and  from  the  lower  part  of  the  vena  cava,  also  showed  the 
presence  of  these  shadows,  but  not  in  such  laige  numbers  as  in  the 
heart. 

The  right  side  of  the  heart  was  full  of  fluid  blood  of  a  very  daik 
colour,  which  coagulated  on  being  placed  in  a  glass  vesseL 

This  experiment  clearly  shows  that  colchicine  within  the  animal 
body  destroys  the  red  blood-corpuscles. 

Pebchloride  of  Mercury. 

On  the  action  of  the  salts  of  mercury  on  the  bsemocytes 
outside  the  body,  I  can  find  only  one  investigation.  This  is  by 
Polotebnow  (Virchow's  Arch.,  Bd.  xxxi.  s.  35),  who  employed  a 
solution  of  albuminate  of  mercury,  1  cmm.  of  which  contained 
from  0014  to  0*015  grm.  of  perchloride  of  mercury.  As  a 
result  of  his  investigations  he  concludes  that : — 
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1.  Under  the  influence  of  concentrated  solation  of  albuminate 

of  mercury,  the  blood-corpuscles  after  their  round 
form  is  once  altered  have  lost  the  capacity  to  resume 
their  original  shape,  either  through  a  loss  of  the  elas- 
ticity of  their  membrane  or  in  consequence  of  some 
other  cause. 

2.  In  a  solution  of  albuminate  of  mercury  the  corpuscles  are 

very  quickly  destroyed,  the  rapidity  being  in  proportion 
to  the  amount  of  mercury  present,  and  being  also  more 
rapid  when  the  blood  is  shaken  up  with  air,  or  when  the 
temperature  is  raised  for  thirty  or  forty  minutes  to  37*  or 
38' C. 

3.  Under  the  influence  of  mercury  the  corpuscles  quickly 

lose  their  pigment,  and  the  more  concentrated  the 
solution  the  more  rapidly  does  this  take  place. 

4.  The  absorbent  power  of  the  blood   for    oxygen   is    also 

diminished. 

Of  the  many  investigations  on  the  action  of  mercury  on  the 
blood-corpuscles  in  the  living  body,  I  can  find  only  one  of  any 
scientific  value.    The  majority  have  been  made  on   syphilitic 

Exjp,  IV. 


Bate. 

Hsemocytes  per  cnnu. 

Weight  of  Rabbit. 

May  5th 

1 

1 

4,480,000                            2-120  kilos. 

0  001  grm. 

1 

of  perchloride  of  mercury  given  daily  hypodermically 
from  5th  onwards. 

May  8th 
„     9th 

„  nth 

4,200,000 
4,000,000 
4,000,000 

2-010  kilos. 
1-900    „ 
1-800    „ 

Diarrhoea  occurred  on  the  12th,  and  the  corpuscles  rose  to— 

May  12th 

5,202,400                            1-870  kilo. 

The  treatment  was  stopped  till  the  diarrhoea  ceased,  and  was  then  continued. 

May  15th 
„    16th 

8,363,800 
8,200,000 

1  -736  kilo. 
1-676    „ 

The  dose  was  progressively  increased. 

„  17th 

„  18th 

1                „  19th 

„   20th 

„    2l8t 

„  22nd 

3,140,000 
3,000,000 
2,900,000 
2,800,000 
2,700,000 
Animal  died. 

1-660    „ 
1-660    „ 
1-500    „ 
1  -460    „ 
1-444     „ 
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patieuts,  with  small  doses  of  the  drug  extending  over  a 
lengthened  period,  so  that  as  direct  evidence  of  the  action  of 
the  drug  on  the  corpuscles  they  are  of  no  value. 

Wilbowchewitch  {Arch,  de  Physiclogie,  t.  i.  p.  530)  records 
four  experiments  made  upon  rabbits,  which  clearly  show  that 
uuder  large  doses  of  perchloride  of  mercury  a  very  marked 
diminution  in  the  number  of  blood-corpuscles  per  c.mm.,  occurs. 
The  preceding  table  gives  the  results  of  his  fourth  experiment. 

Such  experiments  are  only  of  value  when  taken  along  with  observa- 
tions in  tlie  hsemolytic  action  of  mercury  outside  the  body,  since 
without  such  observations  it  would  not  be  fair  to  conclude  that  any 
increased  destruction,  and  not  merely  a  diminished  production,  had 
occurred. 

The  chief  difficulty  in  the  way  of  studying  the  action  of 
mercury  upon  the  blood-corpuscles  outside  the  body,  is  that 
nearly  all  the  salts  of  this  metal  cause  coagulation  of  albumin. 
The  mercuric  potassic  iodide  in  dilute  solution  has  not  this 
action,  and  I  have  therefore  employed  it  in  the  following  obser- 
vations. 

I  had  previously  ascertained  from  a  number  of  experiments 
that  the  iodide  of  potassium  has  absolutely  no  action  on  the  red 
corpuscles,  and  tliat  the  chloride  of  potassium  is  also  inert. 

I  therefore  consider  it  a  fair  deduction,  that  any  action  which 
the  mercuric  potassic  iodide  may  exert  is  due  to  the  mercury  it 
contains. 

A  solution  composed  of — 

1  grm.  of  mercuric  chloride, 

3  grms.  of  potassic  iodide,  and 

60  c.c.  of  water, 
was  prepared,  and  was  diluted  with  60  c.c.  of  a  0'75  per  cent,  salt 
solution,  as  its  action  without  this  dilution  was  so  rapid  as  to 
prevent  any  observations  on  the  nature  of  the  changes  induced. 
Wiien  this  solution  is  added  to  a  drop  of  blood,  the  ha^mocytes 
are  seen  to  swell  up  and  to  lose  their  biconcave  form,  while  the 
pigment  disappears  leaving  the  cell  membrane  enclosing  the 
intranuclear  network.  Very  frequently  the  membrane  col- 
lapses and  the  corpuscle  is  represented  by  a  shrivelled  shadow. 

I  have  not  thought  it  necessary  to  repeat  Wilbowchewitch 's 
observations.  In  fact,  the  extremely  poisonous  nature  of  the 
salts  of  mercury  render  such  observations  difficult. 
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It  would  thus  seem  that  the  iufluence  of  these  drugs  on  bile 
secretion  and  urea  formation  may  be  explained  by  their  destruc- 
tive influence  on  red  blood-corpuscles,  haemoglobin  being  set  free 
and  excreted  by  the  liver  as  already  described.  Such  a  direct 
influence  on  the  blood-corpuscles  is  rendered  all  the  more 
probable  by  their  absorption  into  the  very  slow  hepatic  blood- 
stream, and  also  through  their  probable  re-entrance  into  the 
liver,  after  excretion  in  the  bile,  through  the  entero-hepatic 
circulation. 

From  these  observations  I  would  conclude  : — 

1.  That  the  destruction  of  blood-corpuscles  must  be  considered 

as  a  powerful  stimulant  to  the  secretion  of  bile,  the  liver 
having  as  one  of  its  functions  the  elimination  from  the 
system  of  effete  haemoglobin. 

2.  That  urea  production  also  is  increased  by  the  destruction 

of  blood-corpuscles. 

3.  That  bile   secretion   and  urea   formation   bear  a    direct 

relationship  to  one  another,  and  that  this  relationship  is 
due  to  the   dependence  of    both   upon   destruction  of 
fasemocytes. 
4  That  the    hsemolytic    action    of    salicylate    of    soda,  of 
benzoate  of  soda,  of  colchicine,  and  of  perchloride  of 
mercury,  as  well  as  their  influen(3e  in  increasing  the  pro- 
duction of  urea,  is  due  in  great,  measure  at  least  to  their 
direct  hsemolytic  action. 
The  connection  of  urea  production  with  the  destruction  of 
hsemocytos  naturally  suggests  the  question — How  much  of  the 
total  urea  produced  in  the  animal  body  in  its  normal  condition 
is  derived  from  effete  hsemoglobin  ?    This  question  I  hope  to 
discuss  in  a  future  paper. 


THE  BLOOD-FORMING  ORGANS  AND  BLOOD- 
FORMATION:  AN  EXPERIMENTAL  RESEARCH. 
By  John  Lockhart  Gibson,  M.D.,  Formerly  Senior 
Dejnonstraior  of  Phydology,  University  of  Edinburgh, 

(Continued  from  p.  474,  vol.  xx.) 

Part  IIL— On  the  Thyroid  Gland. 

We  have  now  to  consider  that  other  organ  which  has  occa- 
sionally been  called  a  blood-forming  one,  namely,  the  thyroid 
gland :  an  organ  of  late  brought  specially  into  notice,  on  the  one 
hand  by  the  writings  of  Zesas  and  Cred^  as  to  its  alleged  blood- 
forming  function,  and  on  the  other  hand  by  the  writings  of 
Kocher  and  Reverdin  as  to  its  other  functions,  and  as  to  the 
danger  attending  its  total  removal.  Here,  again,  I  have  by  ex- 
periment searched  for  evidence  of  a  blood-forming  function ; 
but  this  time  the  results  have,  in  contrast  with  the  positive  ones 
got  in  the  case  of  the  bone-marrow,  spleen,  and  lymphatic 
glands,  been  wholly  negative,  that  is,  do  not  show  the  existence 
of  any  such  function. 

To  the  idea  of  a  possible  important  blood- forming  action  of 
the  thyroid,  my  attention  was  first  directed  by  the  two  papers  of 
Zesas  already  mentioned  under  extirpation  of  the  spleen.  In 
the  last  of  these  papers,  Zesas,  founding  chiefly  on  an  experiment 
on  one  dog,  though  further  drawing  support  from  the  observa- 
tions of  Cred(^,  concludes  that  the  thyroid  is  the  principal  organ 
which  takes  the  place  of  the  spleen  when  the  spleen  is  removed, 
and  further  says  that  when  the  thyroid  too  is  removed  then  the 
other  blood-forming  organs — "lymph-ghinds  and  liver  (?)" — are 
unable  to  make  up  for  the  loss  of  the  spleen.  (In  this  paper  the 
researches  of  Neumann  and  Bizzozcro  on  the  bone-marrow  are 
ignored.) 

On  reading  the  above  conclusion,  I  at  once  saw  how  insuffi- 
ciently it  was  based.  For  Zesas,  in  his  single  experiment,  had 
removed  both  spleen  and  thyroid  without  tirst  having  ascertained 
the  effect  of  removing  the  thyroid  alone. 
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Accordiugly  I  determined  to  make  experiments  as  to  a  blood- 
forming  action,  and  take  care  that  operation  was  properly  com- 
bined with  blood-observation.  Circumstances,  however,  for 
some  time  prevented  this ;  and  when  at  last  I  was  able  to  begin 
I  found  that  other  observers  were  engaged  on  the  subject. 
Nevertheless,  none  of  their  papers  came  to  my  notice  till  I  had 
already  excised  the  thyroid  and  obtained  decided  results. 

All  observers  are  i^reed  as  to  the  insufficiency  of  the  grounds 
on  which  Zesas  came  to  his  conclusion,  and  all  but  one  are 
agreed  that  the  reason  why  the  conclusion  was  so  inaccurate 
was  the  fact  that  the  removal  of  the  thyroid  is  in  the  dog  of  itself 
always  fatal. 

Before  Cred^  and  Zesas,  the  only  writer  who  seems  to  have  made  a 
distinct  positive  statement  as  to  a  functional  connection  between  the 
thyroid  and  the  spleen  is  Tiedemann,^  who  said  that  the  spleen  is  a 
blood-forming  organ,  and  that  after  its  removal  its  function  is  taken 
over  by  the  thyroid.  And  with  this  statement  may  be  contrasted 
Briicke's  assertion,  in  his  **  Vorlesungen  iiber  Physiologie,"  *  that 
while  we  can  refer  the  spleen  to  the  lymphatic  system  we  know  of  no 
connection  between  the  thyroid  and  that  system. 

Schiil^  who  seems  to  have  been  the  first  to  pay  particular  attention 
to  the  subject  of  excision  of  the  thyroid,  and  who  began  his  experi- 
ments in  1856,  has  lately  made  further  ones,^  which  are  interesting 
and  in  many  respects  thorough,  though  they  do  not  seem  to  have 
included  observation  of  the  blood,  apparently  because  he  assumed  that 
the  thyroid  has  nothing  to  do  with  blood-formation. 

He  excised  the  gland  from  a  number  of  dogs,  and  found  that  when 
both  lobes  (or  rather,  as  there  is  in  dogs  no  isthmus,  both  glands)  were 
removed  at  one  operation  the  animals,  with  but  one  exception,  died 
between  the  thii-d  and  the  twenty-seventh  day  after.  The  animals 
became  indifferent  and  melancholic;  there  was  great  itching  of  the 
skin ;  at  intervals  there  were  fibrillar  muscular  contractions,  followed 
by  clonic  and  tonic  spasms ;  many  had  actual  tetanus-like  attacks ;  the 
"  excitable  zone  "  of  the  brain  ceased  to  react  to  electrical  stimulation  ; 
and  the  blood-pressm'e  fell,  as  a  result  of  vaso-motor  paralysis.  In  the 
exceptional  case  the  animal  had,  at  the  time  Schiff  wrote,  already 
survived  nearly  £fty  days,  and  seemed  likely  to  make  a  permanent 
recovery. 

Afterwards  he  found  that  if  the  lobes,  instead  of  being  both  removed 
at  one  operation,  were  removed  at  two  operations,  separated  by  a  con- 

*  Tiedemann,  Zeiiachr.  f.  Physiologic,  Bd.  v.  Heft.  1  (1833).— Quoted  by 
Taaber,  in  Firehow's  Archiv,  Bd.  zcvi  p.  SO. 

«  1.  Aufl.  (1874),  Bd.  L  p.  209 ;  and  repeated  in  3.  Aufl.  (1881),  Bd.  i.  p.  216. 

'  Schiff,  '*  Resume  d'une  s^rie  d'exp^riencee  sur  les  efTeta  de  rabJatioii  descortjs 
thyroi'des,"  Jievue  midicale  de  la  Suisse  romaTide,  15.  Fevrier  1884;  ''R^sani^ 
d'  une  nouvelle  sine."Jtev,  Mid,  de  la  Suisse  rom,,  15.  Aout  1884. 
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siderable  interval  (for  adult  dogs  he  considers  twenty  days  quite 
enough),  it  was  then  possible  to  keep  the  animal  alive ;  and  he  explains 
this  by  supposing  that  the  function  of  the  gland  pctsses  over  to  some 
other  organ  or  organs,  but  does  so  only  very  slowly.  Experimenting 
as  to  whether  it  is  to  the  supra-renal  capsules  that  the  function  passes, 
he  finds  that  it  is  not 

Further,  having  in  a  series  of  experiments  placed  the  freshly-excised 
thyroid  of  a  dog  in  the  abdomen  of  another  dog,  waited  from  two  to 
five  weeks  to  let  it  become  engrafted,  and  then  removed  both  lobes  of 
this  dog's  thyroid  at  one  operation,  he  found  that  the  dog  might, 
instead  of  dying  like  the  unprepared  dogs  from  which  the  whole  gland 
was  removed  at  one  operation,  survive  like  the  dogs  from  which  the 
lobes  were  removed  at  separate  operations. 

From  the  facts  obtained,  he  supposes  that  the  gland  may  have  the 
function  of  producing  some  substance  which  passes  from  it  into  the 
blood,  and  there  serves  as  a  necessary  element  in  the  nutrition  of  the 
nervous  centre& 

Tauber,^  in  a  recent  paper,  holds  that  Zesas  is  wrong  in  saying 
there  is  a  relation  between  the  spleen  and  the  thyroid.  But  Tauber's 
argument  proceeds,  at  least  in  part,  on  an  erroneous  assumption  made 
by  him  that  the  thyroid  is  in  domestic  animals  (cats  and  dogs?)  often 
entirely  wanting. 

Another  paper  on  excision  of  the  thyroid  is  one  by  two  Italian 
observers,  Sanquirico  and  Canalis,^  who  likewise  disagree  with  Zesas. 
They  experimented  on  thirteen  dogs.  From  seven  both  lobes  were 
removed  at  the  same  time,  from  two  both  in  the  course  of  from  six  to 
twenty  days,  and  in  four  a  small  portion  of  the  gland  was  left  unex- 
cised. 

Their  results  were — (I)  In  spite  of  primary  healing,  the  animals 
from  which  both  lobes  were  removed  at  the  same  time  died  in  from 
six  to  twenty  days.  (2)  The  symptoms  usually  began  after  from 
twenty-four  hours  to  three  days  (in  one  case  only  after  thirteen  days). 
The  animals  began  to  refuse  food,  swallowed  badly,  became  tired  and 
dyspnoeic,  suffered  from  muscular  trembling  and  from  general  or  partial 
clonic  cramps,  groaned,  and  were  genenJly  restless.  "Walking  and 
standing  became  more  difficult,  the  animals  often  ran  in  circles,  and 
they  were  very  apt  to  fall.  In  running  about  they  seemed  to  have  a 
hindrance,  as  if  they  had  lost  control  over  their  movements.  On  in- 
crease of  these  symptoms  followed  death.  (3)  In  three  cases  death 
was  preceded  by  a  fall  of  temperature  from  39'  to  36"  "5  C.  (4)  Arti- 
ficial nourishment  failed  to  prevent  death.  (5)  In  some  cases  purulent 
conjunctivitis  was  developed,  once  with  perforating  corneal  ulcer. 
(6)  Examination  of  the  blood  revealed  slight  changes,  which  did  not, 
however,  overstep  physiological  limits.     (7)  Post  mortem  examination 

^  Tauber,  **Zvlt  Frage  nach  der  physiologischen  Beziehong  der  Schilddruse  zur 
Milz,"  Virchow'a  Archiv,  Bd.  xcvi.  Heft  1  (Apr.  1884). 

>  Sanquirico  and  Canalis,  '*  Sulla  estirpazione  del  corpo  tiroide,"  Arthivio  per 
le sciemx  mediche^  vol.  viii.  No.  10  (1884).  Extracted  in  Ceniralbl.f.  kliiu  Med,, 
18  Oct  1884. 
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gave  nothing  beyond  distinct  an£Bmia  of  both  brain  substances,  often 
hjpersBmia  of  the  liver,  and  injection  of  the  mesenteric  vessels,  once 
with  extravasation  into  the  intestinal  mncous  membrane.  (8)  Examin- 
ation of  the  urine  yielded  negative  results.  (9)  Both  absorption  of 
septic  matter  and  alteration  of  the  vagi  or  of  the  recurrent  laryngeal 
nerves  could  be  excluded  from  consideration  as  possible  causes  of 
deatL  (10)  The  animals  from  which  at  first  only  one  lobe  was  re- 
moved remained  healthy  till  the  other  was  removed,  when  the  same 
symptoms  appeared  as  where  both  were  removed  at  the  same  time. 
(11)  Two  adult  animals,  from  each  of  which  one  entire  lobe  and  the 
upper  two-thirds  of  the  other  were  removed,  died,  the  one  after  six, 
aud  the  other  after  three  days.  (12)  Two  from  which  the  spleen  had 
first  been  removed  and  one  lobe  and  the  lower  two-thirds  of  the  other 
lobe  of  the  thyroid  were  afterwards  removed  remained  perfectly 
healthy.  (13)  One  of  these  two  animals  having  after  the  extirpation 
of  the  spleen  been  artificially  rendered  ansemic,  an  examination  of  its 
thyroid,  extirpated  during  full  reproduction  of  the  blood,  showed  no 
sign  of  hsBmatopoiesis. 

And  from  these  facts  they  conclude — (1)  The  total  extirpation  of 
the  thyroid  is  in  dogs  absolutely  lethal,  whether  the  spleen  be  removed 
or  not.  (2)  Spleen  less  dogs  bear  partial  removal  of  the  thyroid  with- 
out noteworthy  eifect  (3)  There  is  no  relationship  between  the  spleen 
and  the  thyroid.  (4)  If  a  small  part  of  the  thyroid  be  left,  this  is 
enough  to  carry  on  the  function  of  the  gland.  They  cannot  as  yet  say 
whether  the  position  of  this  remaining  part  is  of  importance.  (5)  The 
lethal  result  cannot  be  ascribed  to  changes  in  the  blood.  (6)  The 
thyroid  has  nothing  to  do  with  blood-formation.  (7)  It  plays  an 
important  rdle  in  the  animal  economy,  standing  probably  in  relation  to 
the  nervous  system. 

Two  papers  on  excision  of  the  thyroid  by  Dr  Julius  Wagner,^  of 
Vienna,  were  published  in  June  and  July  1884,  but  came  under  my 
notice  only  after  my  own  experiments  were  made.  He  obtained 
practically  the  same  results  as  Schiff.  His  researches  were  specially 
directed  to  the  relation  of  the  thyroid  to  the  nervous  system,  and  he 
does  not  appear  to  have  paid  any  attention  to  the  supposition  of  a 
blood-forming  action.  He  chose  mostly  very  young  animals,  expecting 
that  nervous  symptoms  would  be  more  marked  in  them. 

Wagner  draws  attention  to  the  fact  that  dogs  are  not  perfectly  suit- 
able for  such  experiments,  inasmuch  as  they  have,  in  the  fat  round  the 
arch  of  the  aorta,  two  small  accessory  thyroids,  called  by  Wolfler,^  who 
has  described  them,  ''  aortic  glands."  And  it  seems  to  me  quite  pos- 
sible that  these  glands  may  occasionally  be  very  well  developed,  and 
may  account  for  the  case  recorded  by  Bardeleben,  where  a  dog  survived 
after  simultaneous  removal  of  both  lobes  of  the  thyroid ;  as  well  as  for 
one  of  Zesas'  cases  (to  be  afterwards  mentioned),  where,  likewise,  the 
animal  seems  to  have  survived,  although  much  affected  by  the  opera- 
tion.    And  they  may  also  account  for  Schiff's  success  in  keeping  dogs 

^  Wagner,  Wiener  med.  Blatter,  1884,  Nos.  25  and  30. 
a  Wolfler,  JFiener  med.  Wochcnschr.,  1879,  No.  8. 
VOL.  XX.  2  Y 
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alive  when  he  removed  the  second  lohe  at  a  considerable  interval  of 
time  after  the  removal  of  the  first,  and  thus  gave  the  aortic  glands 
time  to  hypertrophy. 

And,  further,  there  has  been  another  paper  by  Zesas,^  in  which 
he  has  somewhat  modified  his  former  conclusions.  He  experi- 
mented on  ten  dogs  and  three  cats.  In  most  of  them  the  spleen  was 
removed  first,  and  the  thyroid  subsequently.  After  the  second  operar 
tion,  the  animal  invariably  died.  In  two  cases,  however,  it  lived  two 
months,  and  thus  longer  than  any  of  the  animals  from  which  other 
observers  had  removed  the  thyroid  alone — a  fact  certainly  not  in 
favour  of  the  two  organs  having  a  compensatory  function  with  refer- 
ence to  each  other.  After  removal  of  the  thyroid  alone,  one  cat  and 
one  dog  lived  four  months,  and  oae  dog  seems  not  to  have  died  at  alL 
As  to  the  latter,  I  have  already  suggested  that  it  may  have  been  saved 
by  the  accessory  thyroids  ("aortic  glands '');  and  in  accordance  with 
this  suggestion  is  the  fact,  stated  by  Zesas,  that  it  became  very  much 
lowered  in  condition  and  very  miserable. 

In  this  paper,  Zesos,  though  indeed  speaking,  on  the  one  hand^  of 
the  very  diJstinct  s3anptom8  which  appear  after  removal  of  the  thyroid, 
and,  on  the  other,  of  the  absence  of  symptoms  after  removal  of  the 
spleen,  still  holds  that  the  thyroid  has  an  important  action  in  taking 
the  place  of  the  spleen  when  that  organ  has  been  removed.  This 
opinion,  however,  seems  entirely  unsupported  by  his  experiments. 
Certainly  the  fact  that  all  the  animals  from  which  both  thyroid  and 
spleen  were  excised  died  is  no  proof  of  a  compensatory  function ;  for 
it  has  been  clearly  shown,  even  by  Zesas*  own  experiments,  that  mere 
removal  of  the  thyroid  alone  is  quite  sufficient  to  cause  death. 

Zesas  says  that  he  found  the  same  changes  in  the  blood  after  ex- 
cision of  the  thyroid  as  after  excision  of  the  spleen,  namely,  an 
increase  in  the  number  of  white  corpuscles  and  a  decrease  in  the  num- 
ber of  rod ;  only  that  these  changes  appeared  later  and  were  less 
marked.  And  he  further  says  that  if  both  organs  be  removed  the 
increase  in  the  number  of  white  corpuscles  is  enormous.  What  he 
means  by  '*  enormous  "  is  not  stated.  Certainly,  as  will  further  on  bo 
seen,  there  was  no  enormous  increase  of  white  corpuscles  in  the  blood 
of  a  dog  from  which  both  organs  were  removed  by  myself. 

As  to  the  general  bearing  of  my  own  experiments  on  the  foregoing, 
I  have  to  say  that  while  these  experiments  give,  so  far  as  I  know,  the 
only  accurately  recorded  observations  on  the  blood  after  excision  of 
the  thyroid,  they  seem  to  me  to  show  that  the  removal  of  the  gland 
produces  no  direct  change  in  the  number  of  corpuscles.  In  one  case, 
indeed,  there  was,  shortly  before  the  death  of  the  animal,  a  decided 
increase  in  the  number  of  white  corpuscles ;  but  this  can,  I  think, 
easily  be  explained  in  a  way  quite  different  from  that  given  by  Zesas. 
For,  firstly,  Zesas  himself  mentions  that  the  changes  in  the  blood  ap- 
peared late;  and,  secondly,  both  his  observations  and  those  of  others 
show  that  shortly  after  the  removal  of  the  thyroid  the  animal  refuses 

^  Zesas,  **  1st  die  Entfernung  der  Schilddhise  ein  physiologisch  erlaubter  Akt? " 
Arch,f.  klin.  Chir.,  Bd.  xxx.  (1884). 
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all  noorishment;  while,  thirdly,  it  has  been  recorded  by  Bizzozero  and 
various  other  observers  that  when  an  animal  is  starved  the  function 
of  the  blood-forming  organs  comes  to  a  stand-still.  So  that  the  very 
natural  explanation  of  tlie  appearance  of  an  increased  number  of  white 
corpuscles  and  a  diminished  number  of  red  after  removal  of  the  thyroid 
is  simply  that  starvation  has  occurred,  and  has  caused  an  inactivity  of 
all  the  blood-forming  organs  as  regards  conversion  of  white  corpuscles 
into  red.  To  this  explanation  two  of  my  cases,  which  wore  all  in 
dogs,  give  an  interesting  support :  one  (Experiment  IX.)  showing  a 
still  important  amount  of  food  and  practically  no  increase  of  white 

I  corpuscles,  the  other  (X.)  hardly  any  food  and  a  decided  increase. 

Where  both  spleen  and  thyroid  have  been  excised,  it  would  of 
course  be  quite  natural,  and  in  accordance  with  my  explanation,  that 
there  should  be  a  still  greater  increase  in  the  number  of  white  cor- 
puscles and  decrease  in  the  number  of  red  than  where  only  spleen  or 
only  thyroid  has  been  excised.     But,  besides  being  able  to  say  this,  I 

1^  can  here,  too,  bring  forward  a  case  which  does  not  even  at  first  sight 

allow  of  Zesas*  view  being  taken,  namely,  one  (XL)  where  I  excised 
the  thyroid  more  than  two  months  after  the  spleen  had  already  been 
excised  and  yet  found  in  the  blood  as  a  result  of  the  excision  of  the 
thyroid  no  alteration  whatever.  In  this  case  the  animal  took  its  food 
well  until  the  last  three  or  four  days  of  its  life. 

In  this  last  paper,  however,  Zesas,  while  still  supporting  a  blood- 
forming  function  of  the  thyroid,  further  says  that  the  gland  must 
have  some  other  important  function  ;  basing  this  conclusion  on  obser- 
vatiou  of  symptoms  like  those  recorded  by  other  writers. 

I  now  pass  to  a  more  particular  description  of  my  own  experi- 
ments on  excision  of  the  thyroid,  which  were  all,  as  I  have  said, 
on  dogs. 

Antiseptic  pi-ecautions  were,  as  usual,  observed  during  the  opera- 
tion ;  but  the  wound  was  not  dressed.     The  wound  was  sewn  up  com- 
pletely, either  with  chromic-acid  catgut  or  with  horso-hair.     In  all, 
four  operations  (on  three  animals)  were  performed ;  if  one  case  be 
^  omitted  where  the  animal  died  of  haemorrhage  a  few  hours  after  the 

['  operation.^     In  three  out  of  the  four  there  was  healing  by  first  inten- 

tion. 

The  incision  was  made  in  the  middle  line,  which  enabled  one  easily 

to  get  down  between  the  muscles ;  and  one  then  found  the  two  lobes, 

j  or,  rather,  separate  glands,  lying,  one  on  each  side,  under  the  stemo- 

1  thyroid  muscles.    Their  mobility  and  slipperiness  makes  their  removal 

somewhat  difficult.     As  they  are  separate,  the  operation  is  a  double 

one,  by  means  of  a  single  incision. 

In  the  removal  of  each  lobe,  first  it  was  drawn  out  of  the  wound ; 
then  the  vessels  passing  to  it  were  secured  with  three  chromic-acid 
catgut  ligatures,  placed,  one  round  those  passing  to  its  lower  angle 
(with  the  tissues  surrounding  them),  another  round  those  passing  to 

*  Hero  is  also  omitted  the  case  of  the  animal  of  Experiment  V.     In  this  case, 
however,  only  one  lobe  (or  gland)  was  ever  removed. 
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its  upper  angle,  aad  the  third  round  the  remaining  attachments ;  and 
lastly  all  the  attachments  were  divided  on  the  distal  side  of  the 
ligatures. 

From  two  dogs,  A  and  B,  both  lobes  were  removed  at  the 
same  time ;  and  from  the  third  dog,  C,  first  one  lobe,  and  then, 
after  a  month's  interval,  the  other  lobe,  was  removed. 

I  shall  consider  first  the  symptoms  common  to  the  two  animals, 
both  females,  from  which  both  lobes  were  removed  at  the 
same  time. 

The  first  animal,  A,  or  that  of  Experiment  IX.,  was  of  tlie  English- 
terrier  type  and  about  four  months  old,  and  weighed  before  the  opera- 
tion 2  kilogrammes  80  decagrammes.  The  second,  B,  or  that  of 
Experiment  X.,  was  about  eight  months  old,  full-grown,  and  very 
strung  and  well-nourished,  and  weighed  5  kilogrammes  80  decagrammes. 

The  first  symptoms  appeared  in  from  twenty-four  to  forty- 
eight  hours.  The  animals  became  distinctly  apathetic  and 
melancholic,  showed  disinclination  to  be  disturbed,  and  seemed 
to  have  lost  the  desire  for  food,  being  only  after  considerable 
coaxing  prevailed  on  to  take  even  milk.  Moreover,  localised 
muscular  spasms  set  in,  which  in  A  probably  appeared  first  in 
the  oesophagus,  when,  on  the  secoud  day  after  the  operation, 
it  cried  twice  or  thrice  as  if  in  sharp  pain,  especially  after  trying 
to  swallow,  and  then  put  its  paw  into  its  mouth,  as  if  to  remove 
some  offending  substance.  Tn  both  animals  an  apparent  difii- 
culty  in  swallowing  was  noticed.  General  trembling  of  the 
body  set  in  very  early,  and  was  especially  exaggerated  when  they 
were  disturbed.  Frequent  fibrillar  muscular  twitches  and  a 
peculiar  stiffness  of  the  legs  gave  the  uncertain  gait  spoken  of 
by  Sanquirico  and  Canalis.  There  seemed  to  be  itching  of 
the  skin,  more  especially  in  the  face;  and  pain,  as  evidenced 
sometimes  by  constant,  and  other  times  by  intermittent 
groans,  presumably  caused  by  the  localised  cramp-like  contrac- 
tions of  the  muscles.  There  seemed  to  be  no  pain  in  the 
wound ;  in  fact,  in  A  it  healed  by  Grst  intention.  A,  unlike  B, 
would,  after  the  appearance  of  symptoms,  one  day  seem  quite 
recovered,  and  take  its  food  well,  and  then,  next  day,  again  show 
the  symptoms,  and  appear  uneasy  and  practically  refuse  all 
food.  B,  though  much  stronger  to  begin  with,  showed  the 
symptoms  earlier,  and  without  any  intermission.  In  A  no  general 
convulsions  were  observed,  but  in  B  they  occurred  pretty  often. 
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Localised  tonic  and  clonic  spasms  were  common  in  both.  Both 
seemed  giddy  when  on  their  legs,  and  both  showed  the  tendency 
to  walk  backwards  observed  by  Wagner.^  Both  lost  flesh,  more 
especially  B,  which  in  a  fortnight  was  reduced  almost  to  a  skele- 
ton. Both  died,  A  thirteen,  B  seventeen  days  after  the  extir- 
pation. The  weight  of  A  had  been  i*educed  from  2  kilogrammes 
80  decagrammes  to  little  more  than  2  kilogrammes,  and  that  of 
B  from  5  kilogrammes  80  decagrammes  to  3  kilogrammes  45 
decagrammes.  During  the  last  day  or  two  both  were  in  an 
almost  comatose  condition,  from  which,  however,  they  could 
easily  be  roused.  Both  had  inflammation  of  the  conjunctiva ; 
and  in  one  the  inflammation  was  purulent,  and  before  death 
implicated  the  cornea.  It  is  interesting  to  note  that  Sanquirico 
and  Canalis  observed  a  similar  affection  of  the  conjunctiva. 

I  now  proceed  to  give  the  enumerations  of  the  blood  which 
were  made  in  these  two  experiments. 


1^ 


1 


Experiment  IX.  (A). 


Before  Operation, 


Ilasinocytcs. 


Leucocytes. 


Proportion  of 

Leacocytes  to 

Hieinocytos. 


6,470,000 


14,000 


1  :  462-1 


Operation  on  2i  September  1884. 


26  Sept.,  2nd  day  after, 

27  „       8rd 

29  „      6th 

30  „  6tU 
1  Oct.,  7th 
3    ..      9th 


»» 


f  > 


f} 


6,080,000 
6,980,000 
6,880,000 
6,960,000 
7,240,000 
7,480,000 


19,000 
16,000 
38,000 
12,000 
19,000 
19,000 


1 
1 
1 
1 
1 
1 


820 

466-3 

181 

679 

381 

393-6 


During  the  last  three  days  of  life  no  enumeration  was  made, 
as  the  animal  was  taking  no  food  and  was  very  miserable.  Its 
condition,  too,  was  such  that  any  changes  that  might  then  have 
been  found  in  the  number  of  corpuscles  could  not  have  been 
ascribed  to  cessation  of  a  blood-forming  action  of  the  thyroid. 

The  results  of  the  enumerations  in  this  case  give  no  real 
support  to  the  theory  of  Zesas ;  for  the  red  corpuscles,  after  a 
decrease  in  number  immediately  following  the  operation,  again 
increased,  and,  with  slight  irregularities,  remained,  until  the  last 
estimation,  at  any  rate  at  their  former  number.    The  further 

^  Op.  cit. 
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increase  towards  the  end,  I  can  ascribe  to  nothing  unless  to  a 
diminution  of  the  fluid  contents  of  the  vessels;  but  such  a 
diminution  may  really  have  occurred,  as  the  animal  not  only 
refused  food,  bub  also  for  the  last  few  days  would  take  neither 
water  nor  any  other  liquid.  The  number  of  the  white  corpuscles 
cannot  be  said  to  have  been  influenced ;  for,  after  the  initial  rise 
always  observable  after  an  operation,  they  resumed  practically 
their  former  number  and  numerical  relation  to  the  red  corpuscles. 
Of  the  exceptional  number  found  one  day,  namely,  88,000  per 
cm.,  I  can  give  no  explanation. 

Oil  the  whole  case,  then,  it  must  be  allowed  that  there  was 
no  change  in  the  number  of  corpuscles  sufiicient  to  account  for 
any  of  the  symptoms,  and  that  death  must  have  been  due  to 
causes  quite  apart  from  the  changes  found  in  the  blood. 

The  changes  in  the  blood  of  B  seem  to  point  to  the  same 
conclusion. 

Exi)eriment  X,  (B). 


Before  operation, 


Utemocytes. 


8,750,000 


Leucocytet. 


19,000 


Proportion  of 

Leucocytes  to 

Haemocytea. 


1  :  460-5 


Operation  on  18  October  1884. 


19  Oct.,  Ist  day  after, 


21 
22 
28 
26 
28 
80 


8rd 

4th 

6th 

8th 

10th 

12th 


It 

a 
>» 
>» 


7,720,000 
7.240,000 
7,610,000 
7,890,000 
7,810,000 
7,820,000 
6,800,000 


28,000 
10,000 
14,000 
14,000 
83,000 
82,000 
29,000 


1 
1 
1 
1 
1 
1 
1 


275-7 

724 

636-4 

527-8 

221-6 

228-7 

284-4 


In  this  experiment  the  usual  fall  in  the  number  of  corpuscles 
after  the  operation  was  never  recovered  from.  But  this  cannot, 
I  think,  be  ascribed  to  the  removal  of  a  blood-forming  organ.  It 
seems  really  to  have  been  due  to  starvation,  with  consequent 
depression  of  the  blood-forming  functions.  For  the  symptoms 
I  have  described  set  in  very  early,  and  continued  without  inter- 
mission ;  and  from  the  day  after  the  operation  the  animal  took 
hardly  any  food.  And  the  same  explanation  will  serve  for  the 
increase  in  the  number  of  white  corpuscles,  and  the  further  de- 
crease in  the  number  of  red  corpuscles,  towards  the  end  of  life. 
In  other  words,  any  changes  observed  in  the  blood,  either  in  this 


BLOOD-FORMING  ORGANS   AND   BLOOD-FORMATION. 


683 


experiment  or  in  Experiment  IX.,  could  with  perfect  justice  be 
ascribed  to  the  effect  of  the  removal  of  the  thyroid  on  the 
general  system;  and  there  is  nothing  in  them  to  support  the 
idea  of  a  direct  blood-forming  function  of  the  organ. 

The  case  of  the  third  animal,  C,  gives,  likewise,  no  evidence  in 
favour  of  a  blood-forming  function,  and  also  otherwise  gives 
very  strong  evidence  against  the  supposition  that  the  spleen 
and  thyroid  are  related  in  function.  The  animal  was  the 
second  one  from  which  the  spleen  was  excised  (see  Experi- 
ment II.).  As  may  be  remembered,  it,  after  recovering  from  a 
slight  ordinary  initial  fall  in  the  number  of  red  corpuscles,  failed 
to  show  any  other  decrease  in  it  until  two  months  after  the 
operation,  when  there  was  a  distinct  and  pretty  sudden  one.  It 
would  have  been  interesting  to  watch  the  animal  further  without 
submitting  it  to  another  operation ;  but  I  wished  to  remove  the 
thyroid  from  a  spleenless  animal,  in  order  to  watch  the  eifect  on 
the  blood,  and  thought  it  an  unusually  good  subject  for  such  an 
experiment,  as  it  had  a  very  well  developed  thyroid. 

I  decided  to  remove  first  one  lobe,  and  then,  after  a  month's  interval, 
the  other.  I  should  have  liked  to  make  the  interval  still  longer,  in 
hopes  of  keeping  the  animal  alive  after  removal  of  both  spleen  and 
thyroid,  as  Schiflf  kept  animals  after  removal  of  the  thyroid  alone ; 
but  the  time  at  my  disposal  did  not  allow  me  to  do  so. 


ExperimerU  XL  (C). 


Before  operation, 


Hcmocytes. 


6,590,000 


LencocTtes. 


17,000 


One  lobe  excised  on  6  January  1885. 


8  Jan.,   2nd  day  after, 


10 
12 
15 
19 
26 
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» 
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4th 

6th 

9th 

13th 

20th 

24  th 


6  Feb.,  Slst 


If 
i» 


5,590,000 
6,210,000 
6,210,000 
6,170,000 
7,230,000 
7,330,000 
6,840,000 
7,490,000 


19,000 
17,000 
16,000 
22,000 
13,000 
13,000 
12,000 
10,000 


Second  lobe  excised  on  7  February, 


11  Feb. 
12 
16 
19 


ti 


6,910,000 
6,930,000 
7,240,000 
6,300,000 


15,000 

17,000 

7,000 

12,000 


Proportion  of 
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Haemocytes. 
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1 
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:  294-5 
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:  280-4 
:656  1 
:  568*8 
:670 
:749 


1  :  460-6 
1  :  407-6 
1':  1084-2 
1:  525 
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The  results  of  the  blood>enumeratioDs  will  be  found  in  the 
preceding  table. 

The  removal  of  the  first  lobe  was  followed  by  no  symptom, 
and  it  will  be  noticed  that  the  blood  did  not  suffer.  The  irregu- 
larity in  the  number  of  red  corpuscles,  always,  on  the  average, 
in  the  direction  of  increase,  is  such  as  I  had  already  found  in 
my  animals  after  excision  of  the  spleen ;  and  must  have  been 
due  to  irregularity  in  the  blood-forming  activity  of  the  bone- 
marrow  and  lymph-glands,  in  their  attempts  to  make  up  for  the 
loss  of  the  spleen.  And  it  may  here  further  be  noticed,  as  against 
the  supposition  of  a  blood-forming  action  of  the  thyroid,  that 
the  loss  of  one  lobe  did  not  prevent  the  blood  from  being  brought 
up  to  about  the  condition  in  which  it  was  previous  to  the  exci- 
sion of  the  spleen  (7,520,000  red  corpuscles  per  cm.)  three 
months  before. 

Exactly  a  month  after  the  removal  of  the  first  lobe  the  remaining 
one  was  removed,  and  it  was  found  apparently  not  increased  in  size, 
its  weight  being  the  same  as  that  of  the  first.  Both  after  this  opera- 
tion and  after  the  first  one  the  wound  healed  by  first  intention. 

For  the  first  few  days  I  hoped  the  animal  would  survive.  It 
was  quite  lively,  took  its  food  well,  and  ran  about  as  usual.  Two 
days  after,  indeed,  there  seemed  to  be  a  little  stiffness  in  putting 
down  the  feet ;  but  one  could  not  be  sure,  and  next  day  none 
could  be  seen.  Decided  symptoms  appeared  only  on  the 
fourth  day  after  the  removal,  viz.,  on  the  11th  of  February. 
When  trying  to  rise  from  its  bed  it  at  first  failed,  the  hind 
legs,  which  had  been  under  it,  appearing  to  be  quite  stiff; 
and  after  it  got  up  it  fell  once  or  twice  in  running  across  the 
room.  It  seemed,  however,  to  recover,  and  then  ran  about  as 
usual.  But  when  taken  up  it  trembled  a  good  deal,  and  fibrillar 
muscular  contractions  were  likewise  evident.  On  running  down 
stairs  it  had  a  slight  convulsive  attack,  like  a  short  epileptic  fit. 
From  this  day  the  nervous  symptoms  gradually  developed, 
although  it  took  its  food  well  until  three  or  four  days  before  its 
death,  and  consequently  did  not  lose  very  much  in  weight. 

The  nervous  symptoms  were  very  pronounced,  and  consisted, 
as  in  A  and  B,  of  almost  constant  trembling  and  fibrillar  mus- 
cular contractions  and  clonic  and  tonic  convulsions.  I  saw  it  in  at 
least  two  typical  epileptic  fits,  each  of  which  lasted  some  minutes. 
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It  bad  also  attacks  like  those  of  tetauus,  with  well-marked  opis- 
thotonus. The  itching  of  the  skin  was  not  very  marked. 
During  the  last  few  days  of  life  the  animal  could  hardly  be 
got  to  come  out  of  its  bed,  and  slept  most  of  the  day.  When 
it  was  disturbed,  almost  all  the  muscles  became  tonically 
contracted,  the  head  being  fixed  and  the  eyes  fixed  and 
staring.  It  did  not  seem  to  suffer  pain,  except  during  some  of 
the  more  severe  tetanic  convulsions,  when  it  cried  out.  After 
the  fourth  or  fifth  day  it  had  a  constant  and  well-marked  expres- 
sion of  hebetude.  On  the  2l8t  of  February,  fourteen  days  after 
the  removal  of  the  second  lobe,  having  made  a  solution  of  fresh 
thyroid  gland  in  a  mixture  of  neutral  salts,  with  the  intention 
of  now  and  then  injecting  a  little  into  a  vein  of  the  animal,  to 
see  whether  any  evidence  could  be  got  in  support  of  Schiff's  idea 
that  when  the  substance  of  the  thyroid  is  absorbed  into  the 
blood  the  animal  is  preserved  in  life,  I  was  just  preparing  to 
make  the  first  injection,  when  the  animal  died,  in  a  strong  con- 
vulsion. 

The  animal,  as  has  already  been  said,  took  its  food  well  until 
three  or  four  days  before  its  death ;  and  accordingly  the  general 
condition  was  not  reduced  to  the  same  extent  as  in  A  and  ?>. 
Its  weight  on  the  day  of  death  was  4  kilogrammes  10  deca- 
grammes, the  original  weight  having  been  5  kilogrammes. 

Post-niortem, — In  A  and  B,  from  which  the  thyroid  alone  had  been 
removed^  the  post-mortem  appearances  were  entirely  negative.  Distinct 
ansmia  of  the  brain  or  spinal  cord  was  not  found.  The  vagi  and 
re(nirreut  laryngeal  nerves  were  perfectly  intact.  Instead  of  the  spleen 
showing  any  sign  of  blood-formation,  it  seemed  smaller  and  drier  than 
usual.  Unfortunately,  I  did  not  notice  whether  the  red  bone-marrow 
had  extended  into  the  fatty  marrow. 

In  C,  from  which  both  spleen  and  thyi'oid  had  been  removed,  the 
post-mortem  appearances  were  exactly  the  same  as  those  in  the  dog  of 
Experiment  I.,  from  which  only  the  spleen  had  been  removed ;  with 
this  exception,  that  the  lymphatic  glands  were  not  enlarged.  The  red 
marrow  had  extended  into  the  shafts  of  the  humerus  and  femur,  and 
contained  a  considerable  number  of  nucleated  rod  cells,  the  marrow  in 
the  ribs  and  in  the  heads  of  the  long  bones  being  richest  in  them. 
Neither  in  this  case  nor  in  the  two  others  could  any  increase  in  the 
size  of  the  liver  or  excess  in  its  vascularity  be  observed. 

These  experiments,  taken  together  with  the  absence  of  any 
sign  of  haematopoiesis  in  the  thyroid  gland  of  the  dogs  of  my 
other  experiments,  or  in  the  second  half  of  the  thyroid  of  the 
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dogs  of  Exporiments  Y.  and  XL,  warrant  the  assertion  that  the 
thyroid  has  apparently  no  blood-forming  function,  and  that  any 
such  function  it  may  really  have  can  only  be  one  extremely 
subordinate  to  some  other  and  far  more  important  function.  Of 
any  relationship  between  the  spleen  and  the  thyroid  gland  I 
have  found  no  sign. 

Although  the  farther  consideration  of  the  results  of  excisLou  of  the 
thyroid  will  be  beyond  the  proposed  object  of  this  paper,  yet  I  cannot 
hero  refrain  from  comparing  with  the  observations  on  animals  those 
which  have  recently  been  made  on  human  subjects  from  whom  the 
whole  gland  has  been  removed.  For  when  the  two  sets  of  observa- 
tions are  taken  together  they  teach  us  a  very  important  and  most 
practical  lesson,  namely,  that  in  the  human  subject  the  thyroid  should 
never  be  removed  entirely ;  but  that  at  any  rate  a  small  piece  should 
always  be  left,  if  we  are  to  prevent  the  appearance  of  symptoms  which 
render  the  prolongation  of  life  hardly  desirable. 

Until  within  the  last  three  or  four  years  suigeons  took  no  particular 
notice  of  the  isolated  cases  of  tetany  which  appeared  after  total  excision 
of  the  thyroid ;  and  it  was  only  when  Weifls,^  Wolfler,^  and  Falkson* 
showed  that  a  considerable  number  of  the  cases  of  such  excision  in  the 
cliniques  of  Professor  Billroth,  in  Vienna,  and  Professor  Schonbom,  in 
Konigsberg,  exhibited  symptoms  of  tetany  within  a  few  weeks  after 
the  operation,  that  special  attention  was  drawn  to  the  connection 
between  such  symptoms  and  the  particular  operation  they  followed. 
Some  of  the  patients,  after  having  for  days  been  kept  under  the  influ- 
ence of  narcotics,  recovered ;  and  others  died.  Falkson  supposed  the 
tetany  to  be  due  to  the  division  of  the  recurrent  laryngeal  nerves ;  but 
this  cannot  be  the  explanation,  as  the  tetany  symptoms  are  very  like 
the  convulsive  symptoms  in  dogs  after  excision  of  the  thyroid,  where 
the  recurrent  nerves  are  quite  intact.  Weiss's  paper  gives  a  good 
account  of  tetany,  and  graphically  describes  two  cases  of  it  after 
excision  of  the  thyroid.  Falkson,  too,  describes  the  symptoms  observed 
by  him,  which  are  very  like  those  in  dogs. 

The  tetany,  however,  which  showed  itself  soon  after  the  operation, 
as  a  rule  soon  passed  off;  and  it  was  not  until  Kocher  and  Reverdin 
wrote  on  cachexia  strumipriva  that  the  really  serious  effect  produced 
by  the  removal  of  the  whole  of  the  thyroid  was  pointed  out.  And 
even  in  spite  of  these  writings  surgeons  are  still  excising  the  whole  of 
the  thyroid,  as  if  in  operating  on  the  gland  they  need  care  merely  for 
recovery  from  the  surgical  wound. 

Kocher  took  the  trouble  to  ask  all  his  cases  of  excision  (total)  of  the 
thyroid  to  come  back  and  report  themselves,  and  has  published  the 

*  Weiss,  "Ueber  Tetanic,"  Folkmann's  SammJung  kliniacher  Vortrdge,  No. 
189.    (1881.) 

«  Wolfler,  "Die  Kropfexstirpationen  an  Hofrath  Billroth's  Klinik  von  1877- 
1881,"  fVienermed,  Woche7isehr.,  1882,  No.  1. 

'  Falksou,  "Zwei  Fiille  von  Tetanie  nach  Kropfexstirpation,"  Berl  klin. 
Wochetixhr.,  1881,  No.  12. 
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result.^     He  excised  the  whole  gland  thirty-four  times.     Five  patients 
died,  viz.,  three  of  the  operation,  and  two  from  unknown  causes  after 
healing.     Of  the  others,  eighteen  presented  themselves  in  person,  and 
six  more  wrote  or  were  written  ahout  The  written  accounts  do  not  give 
evidence  of  much  value.   Four  of  the  patients  wrote  that  they  were  well. 
The  hushand  of  another  wrote  that  his  wife's  body  was  swollen  and 
her  limbs  insensible,  that  she  never  felt  warm,  and  that  her  menstrua- 
tion was  irregular.     And  the  husband  of  the  last  of  the  six  wrote  that 
his  wife  could  not  write  herself,  from  nervous  pain  in  the  hands  and 
feet,  which,  he  said,  were  almost  paralysed.     Of  the  eighteen  who 
presented  themselves  in  person,  only  two  showed  no  evil  effects ;  and 
even  these  two  might  be  said  to  bo  only  the  exceptions  which  proved 
the  rule.     For  in  one  of  them  there  was  a  small  accessory  thyroid, 
which  had  become  enlarged ;  and  in  the  other  there  was  what  Kocher 
calls  a  '*  Strumarecidiv  "  (relapse  of  goitre),  a  small  piece  of  the  gland 
having  been  left,  and  having  enlarged  to  about  the  size  of  a  pigeon's 
egg.     The  others  all  showed  more  or  less  interference  with  the  general 
health,  and  their  symptoms  were  so  much  alike  that  Kocher  describes 
them  collectively  under  the  name  of  '*  cachexia  strumipriva." 

The  symptoms  were  as  follows : — The  patients,  as  a  rule  soon  after 
leaving  the  hospital,  but  in  some  cases  only  four  or  five  months  after 
the  operation  (Heverdin  quotes  a  case  where  the  time  was  a  year,  and 
Martin  one  where  it  was  six  months),  began  to  complain  of  tiredness, 
and  especially  of  weakness  and  heaviness  of  the  limbs.     In  many 
cases  the  feeling  in  the  limbs  amounted  to  pain.     Also,  pains  in  the 
neck,  shoulder,  and  body  were  complained  of.     Then  followed  a  feel- 
ing of  cold  in  the  extremities,  with  swelling  of  the  hands  and  feet, 
which  became  of  a  bluish-red  colour,  and  in  winter  were  very  cold  and 
generally  frost-bitten.       Further,    the    intellectual    activity  became 
diminished,  this  being  especially  noticed  in  children  at  school,  who 
went  down  in  their  class,  and  in  whom  their  teachers  found  a  constant 
decrease  of  mental  capacity,  even  where  they  had  before  been  the  best 
pupil&     Cerebration  became  very  much  delayed,  a  consequent  slowness 
of  speech  became  evident,  and  even  the  general  movements  of  the 
body  became  slower.     In  some  patients  who  were  servants,  the  general 
increase  of  these  symptoms  made  it  necessary  for  them  to  leave  their 
places,  as  they  could  not  get  through  then*  work  quickly  enough. 
Some  patients  did  not  trouble  themselves  about  the  symptoms,  while 
others  complained  of  them  very  much,  or  had  become  very  retired, 
because  they  were  conscious  of  their  slowness  of  cerebration,  and  that 
they  were  not  like  other  people.      Moreover,   swellings  appeared, 
affecting  the  face,  hands,  and  feet,  and  being  at  first  transient,  lasting 
only  a  few  hours,  and  then  disappearing.     In  one  case  they  appeared 
only  after  long  pauses ;  and  in  that  case,  while  they  lasted,  the  patient 
suffered  from  great  breathlessness.     In  many  patients  the  swelling  re- 
mained, giving  their  faces  a  heavy,  stupid  look,  and  so  making  their 
acquaintances  think  they  had  become  idiots.     The  whole  face  became 
thicker :  the  eyelids  swollen  and  transparent,  the  nose  thick,  and  the  lips 

*  Kocher,  **  Ueber  Kropfexstirpation  und  ihre  Folgen,"  Arch,  /.  klin,  Chir. 
Bd.  xxix. 
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likewise  swoIletL  The  hands  and  feet,  too,  and  even  the  body,  became 
pennaneutly  swollen ;  and  in  two  cases  there  was  ascites.  The  skin  over 
the  swollen  parts  was  thick  and  infiltrated  and  had  lost  its  elasticity,  the 
surface  was  dry,  and  the  hair  fell  out.  In  advanced  cases  there 
was  marked  anaBmia,  with  a  distinct  decrease  in  the  number  of  red 
corpuscles,  and  without,  in  the  cases  **  counted,"  any  distinct  increase 
in  the  number  of  white.  The  minimum  number  of  red  corpuscles  was 
2,168,000,  four  cases  had  2,800,000,  five  had  fewer  than  3^500,000, 
three  had  fewer  than  4,200,000,  and  two  had  fewer  than  4,500,000. 
Two  cases  with  slighter  symptoms  had  a  pretty  normal  number,  viz., 
4,940,000  and  5,520,000.  Only  one  patient  with  the  symptoms  at  all 
marked  had  as  many  as  4,476,000.  Where  Kocher  made  enumerations 
in  cases  of  partial  excision,  the  number  of  red  corpuscles  was  fonnd 
normal.  Where  at  the  time  of  total  excision  the  patient  was  still  grow- 
ing, the  growth  was  very  much  retarded.  Kocher  records  that  one 
case  had  distinct  attacks  of  tetany,  and,  later,  attacks  of  epilepsy;  and, 
in  connexion  with  this,  remarks  that  many  of  the  other  cases  had,  in 
addition  to  the  tired  feeling  already  mentioned,  also  a  stiffness  of  the 
limbs.  The  muscles  were  always  well  developed ;  in  fact,  resembled 
those  of  pseudo-hypertrophic  paralysis.  Fibrillar  and  localised  con- 
tractions of  the  muscles  were  observed.  Kocher  says  that  although 
the  patients  looked  stupid  they  were  not  really  idiots,  but  were  capable 
of  recognising  and  feeling  the  change  in  themselves. 

Kocher  then  proceeds  to  consider  whether  these  symptoms  could  not 
bo  accounted  for  by  the  anaemia  present,  and  thinks  that  the  anaemia 
perhaps  gives  some  support  to  the  idea  of  a  blood-forming  function  of 
the  thyroid.  It  seems  to  me,  however,  far  more  likely  that  the  changes 
in  the  nervous  system  were  caused  directly  by  the  removal  of  the 
thyroid,  and  instead  of  being  mere  consequences  of  the  anaemia  were 
the  causes  of  it,  though  it  in  turn,  once  developed,  would  of  course 
intensify  them.  This  explanation  is  quite  borne  out  by  my  observa- 
tions on  dogs,  where  the  nervous  symptoms  made  their  appearance  as 
the  direct  result  of  the  excision,  and  could  not  be  ascribed  to  anaemia, 
which  did  not  exist.  Moreover,  Kocher's  own  blood-estimations  show 
that  in  his  cases  the  anaemia  made  its  appearance  only  after  the  other 
symptoms  had  become  developed.  And,  indeed,  Kocher  admits  that 
he  cannot  find  proof  of  the  thyroid  being  a  blood-forming  organ.  If, 
he  says,  the  thyroid  replaces  the  spleen,  why  does  not  the  spleen 
replace  the  thyroid  1  In  none  of  his  cases  could  he  observe  an  increase 
in  the  size  of  the  spleen.  In  his  last  case  of  total  excision  of  the 
thyroid  he  estimated  the  blood  for  the  first  few  weeks  after  the  opera- 
tion, and  found  no  change.  And  in  cases  of  one-sided  excision  of  the 
thyroid  he  was  never  able  to  find  any  subsequent  swelling  of  the 
remaining  lobe. 

Further,  he  tries  to  account  for  the  anaemia  by  changes  in  the  trachea. 
He  supposes  that  the  trachea,  receiving  most  of  its  blood-supply  from 
the  thyroideal  vessels,  is  after  excision  of  the  thyroid  not  well 
nourished ;  that  consequently  its  walls  become  softer  and  its  lumen 
narrower ;  and  that  in  this  way  the  patients  are  prevented  from  getting 
enough  of  oxygen — in  fact,  suffer  from  an  increasing  deprivation  of  it. 
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This  explanatioD,  however,  cannot  he  accepted.  In  my  dogs  the 
trachea  was  examined  particularly,  and  there  was  neither  softening  nor 
narrowing,  and  it  seemed  very  fairly  supplied  with  hlood.  Moreover, 
hoth  in  my  dogs  and  in  the  animals  experimented  on  hy  other  oh- 
servers,  the  shortness  of  the  time  the  animals  survived  is  against  the 
symptoms  having  heen  dependent  on  narrowing  of  the  trachea.  And, 
to  return  to  human  heings,  many  people  go  ahout  with  the  larynx  con- 
stricted hy  cicatrices,  &c.,  to  a  much  greater  extent  than  in  Kocher's 
cases  the  trachea  can  have  been  constricted,  and  yet  are  able,  by  a 
slightly  quicker  respiration,  to  make  up  for  the  narrowness  of  the 
channel. 

Other  explanations  are  :  (a)  the  earlier  one  advanced  by  Schiff  and 
Liebermeister,  that  the  thyroid  regulates  the  circulation  in  the  brain 
(a  function  apparently  first  suggested  by  Maignien^) ;  (6)  the  explana- 
tion more  recently  advanced  by  Schiff,  that  the  thyroid  produces  some 
substance  whose  absorption  into  the  blood  is  essential  to  life ;  and  (c) 
the  explanation  that  the  thyroid  secretes  and  excretes  a  substance 
injurious  to  the  organism,  an  explanation  which  has  received  some 
support  from  the  experiments  of  Victor  Horsley  (see  next  page). 

As  to  the  last  of  these  explanations,  a  great  difficulty  in  the  way  of 
its  acceptance  is  the  fact  that  the  thyroid  has  no  excretory  duct.  And 
this  difficulty  does  not  seem  got  over  by  reference  to  the  lymphatics, 
and  their  position  in  close  relation  to  the  gland  vesicles.  For  to 
suppose  that  the  injurious  substance  is  taken  up  by  the  lymphatics 
would  involve  the  improbable-looking  further  supposition  of  a  passage 
from  these  back  again  into  the  blood,  with  a  subsequent  re-excretion 
by  some  other  organ. 

Of  Schiff's  two  explanations  the  second  seems  much  the  more 
tenable,  as  being  in  accordance  both  with  Schiff's  own  experiments 
and  with  the  observations  of  Sanquirico  and  Canalis,  where  only  a 
very  small  piece  of  the  thyroid  was  left 

His  earlier  explanation,  that  the  thyroid  regulates  the  circulation  in 
the  brain,  seems  very  insufficient.  The  theory  of  such  a  function  is 
that  during  great  muscular  exertion,  and  consequent  violent  action  of 
the  heart,  the  pressure  of  contracted  muscles  on  the  jugular  and  thyr- 
oideal  veins  makes  the  thyroid  become  engorged  with  blood  and  swell 
up  and  thus  press  on  the  carotid  arteries  and  prevent  overfiUing  of  the 
cerebral  arteries.  According  to  Guyon,^  the  pressure  of  the  thyroid 
may  even  render  the  branches  of  the  external  carotid  pulseless. 
Against  this  explanation,  Schiff's  grafting-experiments,  where  placing 
the  freshly-excised  thyroid  of  a  dog  in  the  abdomen  of  another  dog 
seemed  in  the  case  of  subsequent  excision  of  the  thyroid  of  this  dog  to 
prevent  the  appearance  of  symptoms  after  such  excision,  would,  if 
confirmed,  be  conclusive  evidence.     Moreover,  the  partial  excisions  of 

^  Quoted,  in  1842,  by  Longet,  iu  '*  Anatomic  et  Physiologic  du  Syst^me 
Nerveux,"  tome  i.  p.  807. 

•  Guyon,  "  Note  sur  Tarret  de  la  circulation  carotidienne  pendant  Teffort  pro- 
longe,"  Arch,  de  Physiologie,  i.  I  (1868).— Quoted  by  Nothnagel,  in  Ziemssen's 
Hatidb.  d,  spec.  Path,  ii.  Ther,,  Bd.  xi.  1,  p.  6. 
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Sanquirico  and  Canalis,  where  the  leaving  of  one-third  of  one  lobe 
sufficed  for  the  preservation  of  life,  are  greatly  against  it.  And  here 
it  may  be  pointed  out  that  a  crucial  experiment  might  be  made  on 
dogs.  In  these  animals  the  vertebral  arteries  are  so  large  that  both 
carotids  may  be  tied  without  material  injury  to  the  animal,  and  the 
experiment  would  consist  in  tying  both  carotids  of  a  dog  suffering 
from  the  effects  of  excision  of  the  thyroid.  If  the  symptoms  following 
excision  are  really  due  to  relief  of  the  carotids  from  compression  by 
the  thyroid,  then  the  ligature  of  the  carotids  ought  at  once  to  put  a 
stop  to  them.  I  regret  not  having  had  time  to  make  the  experi- 
ment, but  am  very  sure  that  no  such  effect  would  have  been 
produced. 

In  December  1884,  in  the  "Brown  Lectures,"  Victor  Horsley^ 
described  some  experimqiits  on  monkeys  which  yielded  interesting 
results.  By  excising  the  whole  thyroid  he  produced  a  condition  and 
symptoms  closely  resembling  those  observed  by  Kocher  in  human 
beings,  but  in  some  respects  intermediate  between  them  and  those 
observed  in  dogs.  He  found,  moreover,  an  increased  production  of 
mucin  in  the  body  generally ;  and  in  the  case  of  the  salivary  glands 
found  not  only  that  those  other  than  the  parotid  secreted  far  more 
than  their  normal  amount  of  mucin,  but  also  that  even  the  parotid 
secreted  it  He  looks  on  the  condition  produced  by  his  excisions  as 
being  that  called  myxoede^na  by  Ord,^  who  applied  the  term  to  the 
general  swelling  in  the  cretinoid  condition  that  occurs  idiopalhically 
in  adult  women ;  and  he  holds  that  myxoedema,  cachexia  strumipriva, 
and  cretinism  are  processes  identical  in  nature.  As  in  cases  of  excision 
in  human  beings,  so  here  too  there  was  anaemia,  which  Horsley,  con- 
sidering blood-formation  one  of  the  functions  of  the  thyroid,  attributed 
to  its  removal.  The  animals  all  died,  usually  in  from  five  to  seven 
weeks.  Horsley's  conclusions  are  :  that  myxoedema  and  its  allies  are 
due  to  virtual  or  actual  loss  of  the  thyroid  gland  ;  that,  however,  the 
immediate  cause  of  the  changes  may  be  vaso-motor  and  trophic  lesions 
due  to  the  loss ;  that  the  thyroid  probably  excretes  a  substance  injuri- 
ous to  the  organism,  and  that  this  substance  is  of  the  nature  of  mucin  ; 
that  removal  of  one  lobe  causes  enlargement  of  the  other;  and  that 
subsequent  removal  of  the  other  entails  death,  after  production  of  the 
condition  and  symptoms  described  by  him. 

Against  the  no  doubt  pretty  strong  arguments  brought  forward  by 
Horsley  in  favour  of  an  excretory  function  of  the  thyroid,  I  may  here, 
besides  referring  back  to  the  objection  already  made,  of  the  absence  of 
an  excretory  duct,  also  again  refer  to  the  apparent  success  of  Schiff  in 
securing  dogs  against  a  fatal  result  of  excision  of  the  thyroid  by 
placing  the  freshly  excised  thyroid  of  another  dog  in  the  abdominal 
cavity  some  weeks  before  the  operation. 

With  reference  to  the  surgical  treatment  of  diseases  of  the  thyroid, 
Horsley  is  reported  (Lancet)  to  have  condemned  total  removal  of  the 
thyroid,  and  to  have  done  so  on  the  ground  that  good  results  jnay  be 
obtained  by  removal  of  a  portion  of  it 

*  Report  of  "  Brown  Lectures,"  Lancet,  27th  Dec.  1884. 
«  Lancet,  27th  Oct  1877. 
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The  conclusions  to  which  my  experiments  and  the  observa- 
tions of  others  have  led  me  are : — 

1.  That  the  thyroid  has,  properly  speaking,  no  blood-forming 
function. 

2.  That  any  blood-forming  action  it  may  in  some  animals 
seem  to  have  is  due  only  to  the  presence  of  lymph-follicle- 
tissue  in  the  thyroids  of  such  animals. 

3.  That  its  function  is  in  no  way  compensatory  to  that  of  the 
spleen. 

4.  That  in  dogs  the  total  removal  of  the  thyroid  is  always 
followed  by  deaths  after  a  definite  train  of  nervous  symptoms. 

5.  That  in  dogs  the  presence  of  unusually  well  developed 
aortic  thyroid  glands  may  prevent  the  onset  of  the  symptoms. 

6.  That  the  removal  of  the  whole  thyroid  from  the  human 
subject  is  unjustifiable,  such  removal  being  always,  after  a  vary- 
ing interval,  followed  by  the  development  of  the  very  serious 
definite  condition  called  "  cachexia  strumipriva." 

7.  That  in  all  excisions  of  the  thyroid  from  the  human  sub- 
ject at  least  a  small  piece  should  be  left,  a  small  piece  appearing 
to  besutficient  for  the  carrying  on  of  the  essential  function  of  the 
gland. 

8.  That  the  function  of  the  thyroid  has  special  relation  to  the 
central  nervous  system,  though  what  the  true  nature  of  such 
relation  may  be  has  yet  to  be  definitely  determined. 

9.  That  myxoedema,  cachexia  strumipriva,  and  cretinism  are 
probably  one  and  the  same  disease,  and  are  due  to  virtual  or 
actual  absence  of  the  thyroid. 
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PLEXIFORM  ARRANGEMENT  OF  THE  CUTANEOUS  NERVES 
IN  THE  GROIN.  By  David  Hkpbuen,  M.B.,  Senior  Deinon- 
etrcUor  of  Anatomy^  University  of  EdinhurgJu 

The  following  uotes  wero  taken  from  a  dissection  performed  by  Mr 
R.  J.  Pope  in  the  Practical  Anatomy  Rooms  of  the  University  of 
Edinburgh : — 

The  exttnud  cutaneotis  nei-vo  entered  the  thigh  in  its  usual 
position,  but  soon  gave  off  a  branch,  which,  dividing  into  two  portions, 
formed  communications  with  the  middle  cutaneous  nerve  and  the 
crural  branch  of  the  genito-crural  nerve. 

The  gefiito-crurcU  nervty  in  addition  to  the  communication  just 
mentioned,  formed  two  junctions  with  the  middle  cutaneous  nerve,  and 
these  were  both  found  after  the  latter  had  pierced  the  sartorius 
muscle. 

The  middle  cutaneous  iierve  had  the  communications  already  men- 
tioned, namely,  with  the  external  cutaneous  and  crural  branch  of  the 
genito-crural.  When  fully  traced  to  its  ultimate  distribution,  both  its 
inner  and  outer  divisions  were  seen  to  pierce  the  sartorius  muscle  and 
thereafter  to  form  junctions  with  each  other. 

T'he  internal  cutaneous  nerve  gave  off  the  nerve  to  the  pectineus 
muscle.  In  addition,  it  had  three  branches  of  some  size  distributed  in 
the  following  manner  : — one  to  the  inner  side  of  the  thigh  at  its  upper 
part ;  another  to  the  inner  side  of  the  thigh  at  its  lower  part ;  and  the 
third  along  the  inner  edge  of  the  sartorius  muscle. 

When  Scarpa's  triangle  was  fully  worked  out,  the  presence  of  an 
arressoi^y  obturator  nerve  was  revealed.  It  passed  outwards  over  the 
brim  of  the  pelvis,  beneath  Poupart's  ligament  and  the  pectineus 
muscle,  the  latter  receiving  filaments  of  supply  from  the  nerve  in  this 
position.  Small  twigs  were  also  supplied  to  the  hip-joint,  and  in 
addition  it  gave  off  a  communicating  branch  which  joined  the  super- 
ficial division  of  the  obturator  nerve,  and  thereafter,  emerging  from 
between  the  pectineus  and  adductor  longus  muscles,  it  passed  upwards 
and  outwards  beneath  the  femoral  artery  and  vein,  and  terminated  by 
joining  the  internal  saphenous  nerve  about  4  inches  from  Poupart's 
ligament. 

As  the  dissection  of  the  front  of  the  thigh  proceeded,  a  thin  filament 
from  the  external  cutaneous  nerve  was  traced  downwards  over  the 
surface  of  the  sartorius  muscle.  It  entered  Hunter's  canal,  and  lay  in 
the  connective  tissue  surrounding  the  femoral  artery.     When  dissected 
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from  this  position  it  appeared  to  end  in  two  fine  filaments,  which  were 
traced  into  the  substance  of  the  vastus  internus  muscle. 

£u  the  popliteal  space  the  obturator  nerve  was  carefully  looked  for, 
and  it  was  found  lying  on  the  popliteal  artery,  by  which  it  was  carried 
to  the  posterior  aspect  of  the  knee-joint,  which  it  entered  by  passing 
through  the  ligament  of  Winslow.  From  the  popliteal  space  this 
nerve  was  traced  upwards  through  the  fibres  of  the  adductor  magnus 
muscle,  and  on  the  anterior  surface  of  this  muscle  it  was  found  to  be 
continuous  with  the  deep  division  of  the  obturator  nerve. 


NOTE  OF  A  CASE  OF  ABSENCE  OF  VAGINA,  WITH  UN- 
DEVELOPED UTERUS  AND  OVARIES.  By  J.  A.  Camp- 
bell M.D.,  F.R.S.E. 

S.  W.,  set.  27,  was  admitted  into  the  Carlisle  Asylum  in  January  1877. 
She  was  stated  to  have  been  insane  for  seven  years,  and  at  intervals  to 
have  taken  epileptic  fits.  She  had  never  menstruated.  Her  mental 
state  had  alternated  between  excitement  and  depression,  and  she  was 
said  to  have  shown  erotic  tendencies  during  the  periods  of  excitement, 
and  to  have  been  in  the  habit  of  exposing  her  person  at  such  times. 
The  doctor  who  attended  her  wrote  to  me  to  say  that  he  thought  she 
had  an  abdominal  tumour,  due  to  retained  menses  from  imperfect 
hymen,  and  that  I  should  look  to  this  at  once  as  a  possible  cause  of 
her  state. 

On  admission,  a  full  examination  of  her  mental  condition  and  phy- 
sir*.al  state  was  made  and  recorded.  I  quote  the  following : — "  She  was 
undersized,  had  a  low  type  of  face,  her  lungs  and  heart  were  normal, 
and  nothing  abnormal  was  detected  as  regards  abdominal  viscera ;  her 
mammae  were  well  developed.  She  had  much  hair  over  pubes ;  her 
external  genital  organs  were  well  developed,  but  no  vagina  could  be 
found."  Owing  to  the  expressed  opinion  of  her  former  medical  attend- 
ant, I  asked  Mr  Page  of  Carlisle  to  examine  her  with  me  a  few  days 
after  her  admission.  We  agreed  that  no  abdominal  tumour  existed ; 
that  though  the  external  genital  organs  were  normal,  there  was  an 
absence  or  occlusion  of  the  vagina,  a  white  gUstening  structure  form- 
ing an  impervious  cul-de-sac  where  the  opening  of  the  vagina  should 
have  been.  A  catheter  passe'J.  into  the  bladder  could,  by  rectal 
examination,  be  distinctly  felt  without  the  intervention  of  anything 
corresponding  to  a  uterus. 

The  patient  lived  in  the  asylum  for  nine  years,  never  menstruated, 
was  examined  on  one  or  two  occasions  without  anything  further  being 
made  out.  She  had  epileptic  fits  of  a  severe  character  at  considerable 
intervals,  and  had  attacks  of  excitement  at  short  intervals  of  three, 
four,  or  five  weeks,  and  at  such  periods  she  exhibited  erotic  tendencies, 
stripped  off  her  clothes,  and  exposed  her  person.  She  ultimately  de- 
veloped phthisis,  and  died  of  this  disease. 

VOL.  XX.  2  z 
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Autopsy, — The  viscera  occapying  the  different  cavities  were  care- 
fully examined  and  their  state  recorded.  I  need  only  mention  that 
tubercular  deposit  of  lungs  and  ulcers  of  intestines  caused  death. 

The  external  genital  organs  showed  the  appearances  noted  in  the 
case.  The  internal  organs  of  reproduction  were  almost  undeveloped. 
The  ovaries — very  small,  shrivelled,  and  indurated^-occupied  a  normal 
position.  The  Fallopian  tubes  communicated  with  a  rudimentary 
uterus  about  seven-eighths  of  an  inch  in  length.  So  far  an  could  be 
made  out»  it  was  devoid  of  an  os,  and  lay  very  low  in  the  pelvis. 
Examination  failed  to  show  any  communication  between  uterus  and 
external  genital  organs. 

Remarks, — Though  I  am  quite  aware  such  cases  are  not  unknown, 
yet  they  are  of  sufficient  rarity  to  make  it  worth  while  putting  such  a 
case  on  record.  It  is,  I  think,  highly  probable  that  the  attacks  of 
excitement  occurred  at  what  would,  under  other  circumstances,  have 
been  monthly  periods.  A  degree  of  sexual  excitement  was  distinctly 
present  in  the  case. 

If  the  ovaries  shed  ova,  what  became  of  them? 


NOTES  ON  AN  ABNORMAL  ARRANGEMENT  OF  THE 
LARGE  INTESTINK  By  B.  C.  A.  Windlb,  M.A.,  M.D., 
Professor  of  Anaiomy  in  the  QMeerCs  College^  Birmingham, 

The  following  unusual  arrangement  of  the  large  intestine  was  observed 
in  a  male  subject  recently  examined  in  my  dissecting  room,  and  may 
be  of  interest  when  taken  in  conjunction  with  the  papers  which 
have  appeared  in  the  JounuU  of  Anatomy  and  Physiology^  and  with 
Mr  Treves'  recent  lectures  on  the  Anatomy  of  the  Human  Intestinal 
Canal  and  Peritoneum. 

The  csBCum  was  large  and  placed  entirely  above  the  margin  of  the 
ilium.  It  did  not  come  into  contact  at  «dl  in  its  attachments  with 
the  posterior  wall  of  the  abdomeiL     The  vermiform  appendix  lay  on  ^ 

the  iliacus  muscle,  and  was  directed  downwards  and  outwards.     The  'i 

colon  passed  at  first  directly  backward  to  reach  the  posterior  wall, 
which  it  did  just  above  the  crest  of  the  ilium.  From  this  point  it 
pursued  its  ordinary  course  until  it  arrived  at  the  crest  of  the  left 
ilium.  Here  it  seemed  to  sink  into  a  kind  of  peritoneal  pocket, 
formed  by  a  process  passing  from  the  anterior  lateral  wall  to  the  anterior 
and  inferior  surface  of  the  colon,  which  turned  upon  itself  here,  and 
ascended  along  the  posterior  wall  of  the  abdomen  on  the  right  side  of 
the  descending  colon.    It  was  included  in  the  same  fold  of  peritoneum,  ' 

and  into  the  neck  of  the  fold  passed  the  sigmoid  artery,  which  broke 
up  into  two  sets  of  branches  to  supply  the  two  tubes.  Arrived  at  the 
splenic  flexure,  the  ascending  tube  was  held  firmly  in  position  by  a 
process  of  peritoneum  passing  from  the  sustentaculum  lienia,  which 
was  exceptionally  strong,  including  the  splenic  flexure  of  the  trans- 
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verse  and  descending  colon ^  and  pasRing  on  to  the  second  tube.  The 
free  edge  of  this  process  formed  the  margin  of  a  deep  and  capacious 
pouch,  whose  concavity  was  directed  to  the  right  side  of  the  abdomen. 
From  this  point  the  colon  again  descended,  and  was  again,  but  to  a 
much  smaller  extent,  looped  up  by  a  band  of  peritoneum  passing  to  it 
from  in  front  of  the  left  side  of  the  vertebral  column  close  to  the  duo- 
deno-jejunal  fold.  The  free  margiu  of  this  band  also  marked  off  a 
pouch  of  less  dimension  than  the  first  mentioned,  the  direction  of  whose 
concavity  was  similar  to  that  of  the  larger,  in  which  it  was  included. 
The  colon  after  this  small  loop  passed  down  in  a  nearly  straight  line 
to  the  rectum.  In  this  course  it  was  bound  to  the  posterior  wall  close 
to  the  vertebral  column  by  a  fold  of  peritoneum,  the  b'ne  of  reflection 
of  which  on  either  side  was  nearly  straight  There  were  thus  three 
tubes  of  large  intestine  throughout  the  entire  length  of  the  left  side  of 
the  abdomen,  two  descendiug  and  one  ascending.  The  peritoneum 
on  the  posterior  wall  was  somewhat  roughened,  and  there  were  a  few 
evidently  morbid  adhesions  between  the  coils  of  intestine.  These 
were,  however,  quite  different  from  the  true  process,  in  which  the  first 
mentioned  two  tubes  were  included. 


A  NEW  METHOD  FOR  THE  QUANTITATIVE  ESTIMATION 
OF  URIC  ACID.  By  John  B.  Haycraft,  M.B.,  B.Sc., 
F.R.S.E.,  Professor  of  Physioloyt/,  Mason  and  Queen^s  Colleges, 
Birmingham, 

Wishing  to  continue  a  research  upon  albuminoid  metabolism,  and 
having  been  much  disheartened  by  the  unsatisfactory  nature  of  the 
processes  used  for  the  estimation  of  uric  acid,  I  determined,  if  possible, 
to  introduce  one  which  should  be  at  the  same  time  exact  and  easy  of 
application. 

The  method  of  Heintz  is  certainly  not  very  reliable,  and  is  not 
applicable  when  small  quantities  of  the  acid  are  present  in  the  urine. 
Salkowski's  modification,  although  certainly  more  reliable,  is  far  too 
laborious,  and  is  not  free  from  other  objections.  The  same  may  be 
said  of  a  somewhat  similar  process  introduced  by  Fokker.  Other 
methods,  depending  on  the  power  which  the  acid  has  of  reducing 
certain  metallic  salts,  or  upon  the  decomposition  of  the  uric  acid,  and 
the  collection  of  its  decomposition  products,  I  tried,  but  soon  had 
to  give  them  up.  Inasmuch  as  uric  acid  forms  some  salts  more  in- 
soluble than  itself,  and  as  some  of  these  are  with  metals  easy  of  estima- 
tion, it  occurred  to  me  that  it  might  be  possible  to  precipitate  it  as  a 
salt,  say  of  lead,  barium,  or  silver;  and  then,  by  estimating  the  metal 
in  the  precipitate,  to  calculate  the  uric  acid  in  combination  with  it. 

Many  experiments  were  undertaken  with  the  uric  acid  salts  of 
barium,  mercury,  and  lead;  their  solubilities  in  various  acids,  &c., 
were  tested;  and  endeavours  were  made  to  separate  (in  these  forms) 
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tho  acid  from  solutions  of  mixed  salts  and  other  compounds  found  in 
urine,  and  likely  to  interfere  with  the  process.  One  or  two  rough 
methods  were  devised,  but  were  soon  discarded  from  their  want  of 
accuracy.  An  attempt  to  separate  out  uric  acid  as  a  silver  salt  was 
more  successful. 

Urate  of  silver  is,  as  is  well  known,  very  insoluble  in  water.  I  find 
it  to  be  very  soluble  in  20  per  cent  nitric  acid,  and  in  somewhat 
stronger  sulphuric  acid.  It  is  insoluble  in  ammonia,  and  almost  in- 
soluble in  strong  acetic  acid. 

After  a  futile  attempt  to  separate  out  the  uric  acid  from  the  phos- 
phates of  the  urine,  after  acidulation  with  acetic  acid,  I  succeeded  in 
elaborating  the  following  process : — 

The  fact  that  urate  of  silver  is  insoluble  in  ammonia  water  is  a  very 
curious  one,  inasmuch  as  tbis  is  a  solvent  for  nearly  all  the  silver  salts 
— for  example,  the  chlorides,  phosphates,  and  oxalates.  On  adding  a 
solution  of  silver  nitrate  to  a  solution  of  acid  urate  of  sodium,  I  found 
that,  instead  of  a  precipitation  of  silver  urate,  an  immediate  reduction 
occurred,  the  black  precipitate  not  re-dissolving  in  ammonia  water. 
If,  however,  the  solutions  be  previously  rendered  ammoniacal,  a  white 
gelatinous  precipitate  of  the  urate  at  once  forms.  The  silver,  however, 
becomes  partially  reduced  before  it  is  possible  to  collect  and  wash  it. 
I  find,  however,  that  the  previous  addition  of  bicarbonate  of  sodium 
prevents  this  reduction.  The  same  obtains  with  the  acid  urate  of 
sodium  normally  present  in  urine,  the  chlorides  and  phosphates  re- 
maining in  solution,  the  urate  of  silver  alone  falling  on  the  addition 
of  the  ammoniacal  nitrate.  In  order  to  estimate  the  silver  in  this 
precipitate  of  the  urate,  the  latter  was  collected  in  a  filter,  and  washed 
with  distilled  water,  and  taking  advantage  of  its  ready  solubility  in 
nitric  acid,  it  was  dissolved  in  that  reagent. 

A  method  not  long  introduced  by  Volhard,^  and  one  which  is  avail- 
able for  the  estimation  of  silver  in  an  acid  medium,  was  used  as  the 
final  step  of  the  process. 

The  only  difficulty  that  occurs  is  in  filtering  and  washing  the  pre- 
cipitate of  urate  of  silver.  It  is  gelatinous,  and  clogs  up  tbe  filter.  It 
is  imperative  to  use  a  Sprengel's  pump,  and  a  properly  made  asbestos 
filter  is  advisable.  In  this  case,  the  whole  process  may  be  completed 
in  little  more  than  half  an  hour.  The  filter  should  be  prepared  in  the 
following  way : — A  small  funnel  is  half  filled  with  broken  glass.  A 
sufficient  quantity  of  asbestos  is  shaken  in  a  fiask  with  water  until  all 
the  fibres  have  separated,  forming  an  uniform  pulp.  This  is  poured 
on  the  glass,  and  should  form  an  uniform  felt,  one  quarter  of  an  inch 
thick.     The  filter  can  be  used  again  and  again  for  several  analyses. 

Description  of  Method. 

Solutions  Bequired, — 1.  Centinormal  ammonic  sulphocyanate.  Dis- 
solve about  8  grammes  of  crystals  in  a  litre  of  water,  and  adjust  it  to 

*  **  Die  Anwendung  des  Schwefelcyammoniums  in  der  Maasanalyse,"  Liebig*s 
Annalerif  Band  cxc.  p.  I.     See  also  Sutton's  VoluTnetric  Analysis* 
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decinormnl  silver  solution.     Dilute  with  9  volumes  of  water.     One 
cubic  centimetre  is  equivalent  to  0*00168  of  uric  acid. 

2.  A  saturated  solution  of  iron  alum. 

3.  Pure  nitric  acid  (20-30  per  cent.).  Dilute  the  commercial  acid, 
boil  and  preserve  from  light  in  a  blackened  flask. 

4.  Strong  ammonia. 

5.  Amraoniacal  silver  solution.  Dissolve  5  grammes  of  nitrate  in 
1 00  cubic  centimetres  water,  and  add  ammonia,  until  the  solution  be- 
comes clear. 

Process. — Measure  off  25  cubic  centimetres  of  urine  in  a  pipette, 
and  place  it  in  a  small  beaker,  with  about  1  gramme  of  bicarbonate  of 
sodium.  Add  2  or  3  cubic  centimetres  of  ammonia,  which  will  pro- 
duce a  precipitate  of  ammonia-magnesium  phosphate.  On  adding  1  to 
2  cubic  centimetres  of  the  ammoniacal  silver  solution,  the  uric  acid 
falls  as  a  white  gelatinous  precipitate  of  urate  of  silver. 

This  is  collected  on  the  asbestos  filter,  and  carefully  washed,  until 
the  washings  give  no  trace  of  silver,  with  a  drop  of  salt  solution.  The 
urate  is  then  washed  through  the  filter  by  the  aid  of  a  few  cubic 
centimetres  of  the  nitric  acid,  and  the  silver  in  this  solution  estimated 
by  Volhard*s  method. 

Add  a  few  drops  of  the  saturated  solution  of  iron  alum,  which  is 
the  indicator,  and  drop  in  the  centinormal  solution  of  ammonic  sulpho- 
cyanate.  A  white  precipitate  will  form,  together  with  a  transient 
reddish  coloration,  which  latter  becomes  permanent  when  the  process 
is  at  an  end. 

It  is  easy  to  calculate  the  uric  add,  which  will  be  the  number  of 
cubic  centimetres  of  the  sulphocyanate  used  multiplied  by  0 '00 16 8. 

If  the  urine  contain  albumen,  this  should  previously  be  removed. 
If  uric  acid  or  urates  be  present  in  such  quantity  as  to  cause  turbidity, 
the  secretion  should  be  warmed  and  diluted. 

In  order  to  test  the  accuracy  of  the  process,  I  prepared  several  solu- 
tions of  acid  urate  of  sodium  of  known  strengtL  To  these  I  added 
various  quantities  of  common  salt,  sulphate  of  magnesia,  and  phos- 
phate of  soda,  in  order  to  imitate,  as  far  as  possible,  the  urinary 
secretion.  On  estimating  the  uric  acid  in  these  solutions,  I  obtained 
wonderfully  correct  results,  as  the  subjoined  tables  will  show.  In  all 
cases  a  quantity  not  much  more  than  a  milligramme  was  lost  during 
the  process,  and  may  be  simply  accounted  for  by  the  fact  that  no  salt 
of  uric  acid  is  absolutely  insoluble. 

Experiment  1.  ExperimeDt  2.     Experiment  3. 
Uric  acid  present  as  urate,  .          0*0486  00459  0-0211 

Uric  acid  found,         .        .  0*0470  0-0437  00198 

Loss  during  process,   .  0-0016  00022  0-0013 

8  per  cent.  5  per  cent     6  per  cent.  loss. 

In  order  further  tx)  test  its  accuracy,  50  cubic  centimetres  of  urine 
were  divided  into  two  equal  portions;  to  thefirat,  25  cubic  centimetres 
of  a  solution  of  acid  urate  of  sodium  of  known  strength  were  added ; 
to  the  second,  25  cubic  centimetres  of  water  were  added. 

When  estimated,  the  two  fluids  should  show  a  difference  equal  to 
the  quantity  of  the  salt  added* 
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Experiment  1.  Experiment  2.  Experiment  3. 
Uric  acid  found  (a),    .        .            0-034                 0*026  0*041 

Uricacid  found  (6),    .        .  00144  00105  0*0264 

Difference,  .  0-0196  0*0155  0*0156 

Uric  acid  added,  .  0*021  0*016  0*0160 

The  above  figures  show  how  delicate  the  process  is,  and  what 
accurate  results  may  be  obtained  from  its  use.  This  depends,  in  the 
first  case,  on  the  great  insolubility  of  the  silver  urate ;  and  secondly, 
on  the  great  delicacy  of  the  final  estimation  of  the  silver  by  the 
ammonic  sulphocyanate.  It  may  be  objected  to  this  process  that  thete 
may  be  other  substances  present  in  the  urine  which  may  form  com- 
pounds with  the  silver  nitrate,  thus  vitiating  the  result.  Xanthin,  as 
is  well  known,  combines  with  silver.  This  substance  may  be  present 
in  small  quantities,  but  its  silver  compound  is,  I  find,  insoluble  in 
nitric  acid.  I  am  aware  of  no  substance  present  in  urine  normally, 
or  likely  to  appear  as  an  abnormality,  which  forms  a  combination 
with  silver  both  insoluble  in  ammonia  and  soluble  in  nitric  acid. 

I  should  probably  have  tried  much  sooner  the  separation  of  the 
uric  acid  as  a  silver-salt,  but  for  a  statement  of  Salkowski's.^  This 
distinguished  chemist  analysed  the  precipitate  which  forms  after 
adding  ammoniacal  nitrate  of  silver  to  urine.  He  found  a  variable 
quantity  of  both  silver  and  magnesia,  and  concluded  from  this  that 
the  uric  acid  precipitates  out,  both  as  an  urate  of  magnesium  and  an 
urate  of  silver.  In  this  case,  I  could  not,  of  course,  use  the  silver 
process  for  its  estimation.  His  facts  may  otherwise  be  explained.  As 
is  well  known,  ammonio-magnesium  phosphate  separates  out  slowly. 
Salkowski,  immediately  after  the  addition  of  ammonia,  filtered  olf  the 
ammonio-magnesium  phosphate,  and  then  added  silver-nitrate.  Pro- 
bably, with  the  urate  of  silver,  a  small  and  variable  quantity  of  the 
double  phosphate  came  down,  for  this  would  probably  be  not  yet 
entirely  precipitated.  As  to  the  variable  quantity  of  silver,  this  is 
easy  to  account  for.  In  my  own  investigations,  I  attempted  at  one 
time  to  estimate  the  uric  acid  by  its  reducing  action  on  silver  (a 
method  which  was  quite  unsatisfactory),  and  I  found  that  the  same 
quantity  of  urate  reduced  a  very  variable  quantity  of  silver,  depend- 
ing upon  two  factors — time  and  temperature.  With  prolonged  boiling, 
as  many  as  four  parts  of  silver  are  reduced  by  one  of  the  urate,  ^Xow, 
in  Salkowski's  investigations,  the  reduction  of  the  silver  was  disre- 
garded (for  he  speaks  of  the  black  precipitate  on  the  filter-paper). 
The  amount  of  the  reduction  would  not  be  the  same  in  any  two  ex- 
periments. In  my  own  method,  all  reduction  is  prevented  by  the 
addition  of  the  bicarbonate  of  sodium.  I  have  since  added  to  urine 
large  quantities  of  magnesium-sulphate,  without  interfering  with  the 
accuracy  of  the  results. 

This  method  was  elaborated  during  the  year  1883.  I  have  much 
pleasure  in  expressing  my  indebtedness  to  the  Scientific  Grants  Com- 
mittee of  the  British  Medical  Association  for  assistance  in  the  shape  of 
a  grant  to  cover  my  expenses. 

1  Pfliiger»8  Archiv.,  B.  5,  p.  210. 
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